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PREFACE. 


In Volume I of this Manual, the underlying general principles of 
silvicultural research have been surveyed; and their application to the 
classes of problems which are not primarily concerned with matters and 
methods of forest mensuration lias been dealt with and exemplified. An 
historical note has been added, also covering the whole field. 

The present volume provides for that side of experimental research 
which depends largely on the application of forest mensuration methods 
to the solution of problems, i.< ., the side which dea’s mainly with the 
measurement of trees and crops. A considerable variety of problems 
can only be satisfactorily dealt with along these statistical lines, as 
although qualitative results are commonly apparent to the eye or to 
reason, quantitative data must also be determined to establish whe- 
ther the results are of practical economic importance or not. Thus 
methods of raising plantations and of thinning, determination of rota- 
tion, the effects of lire, grazing and insect attack — all require to be 
studied on similar lines. 

The greater part of the procedure described in this second volume 
has been standardised for general use throughout India and Burma, 
having been accepted by the Silvicultural Conference of 1929. The 
important chapter dealing with sample plots for crop increment con- 
tinues the procedure which has been the standard one since the Silvi- 
cultural Confcicucc of 1918. This procedure was described by Mr. 
“Howard in his “ Code for the Collection and Tabulation of Statisti- 
cal Data ” aud was adapted from Dr. Sehwappaoh's method as used 
by the Prussian Research institute, with certain modifications (not all 
on too sound a theoretical basis) to suit Indian conditions. The method 
of presentation has, however, been entirely recast. 

The outline of the methods for collecting data for volume tables 
also follows closely that hitherto in use. 

In nearly all cases the procedure has been submitted to special field 
tests and critical examination before acceptance for this Code, with a 
view to keeping all prescriptions as severely practical and simple for 
use in the field as is possible with due regard to ensuring the degree of 
accuracy demanded of the end results. Comments have been inserted 
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wherever needed, and attention has been directed to points requiring 
further study. 

The following chapters are the joint work of the two authors, the 
first draft having been written sometimes by one and sometimes by 
the other, and then subjected to successive revisions in the same way. 
In general, however, the senior author is primarily responsible for the 
framework, method of presentation and editing, whilst the jimior author 
has especially dealt with the mathematical aspects of the problems con- 
sidered and the working up of the examples. 


H. G. CHAMPION, 

Silviculturist, 


1. 1). MAHENDRU, 

Statistical Assistant. 



Introduction to Volume II. 


The separate treatment of the statistical side of silvicultural research 
is easy to justify, provided it is clearly borne in mind that it is only an 
appendix to the general principles of experimentation as given in Vol. I 
of this Manual. In other words, statistical methods are to bo viewed 
as an additional and very valuable instrument for investigation of the 
biological problems we are (jailed upon to deal with in forestry. 

In the first instance, the collection of forest statistics is definitely 
not experimental ; the immediate object in view is to collect data as 
we find them offered to us, rather than to follow the results of varying 
the controllable factors. Forestry, however, shares the characteristic 
of all biological sciences that the data so collected are never truly 
uniform, varying not only from the limitations of accuracy in observing 
and recording; but with each individual examined. Some sort of 
analysis is always a necessary preliminary to the application of the 
data to specific cases, and this analysis constitutes one of tho funda- 
mental principles of experimental research. 

All the statistical data the forest officer deals with are averages, and 
in a general way, the greater the bulk of data from which the averages 
are derived, the more reliable such averages are. It therefore becomes 
of importance to follow a standardised procedure in taking and recording 
measurements to ensure comparability permitting of combination. 
Hence the acceptance of a prescribed Code of procedure for much of 
this work, in contrast with what are mainly suggestions for the definitely 
experimental side. 

This standard procedure then becomes available for application to 
definitely experimental work in comparing the reaction of the forest 
to variation of nfbre or less controllable variables. In the long run, 
the importance of all factors influencing the forest depends on their 
effect direct or indirect on crop increment, so that the accurate measure- 
ment of crop increment becomes a matter of the greatest importance 
to the investigator. Measurement of single tree increment is involved 
in the procedure for determining crop increment, and has sometimes 
to be substituted as a tentative measure for crop increment. 

The problems to be dealt with are accordingly classified as follows : — 

I. Investigations connected with determination of Single Tree Volume. 

(а) Volume Tables (Chapter III). 

(б) Outturn Tables and Assortment Tables (Chapter HI). 

(c) Conversion Factors, etc. (Chapter IV). 

II. Investigations connected with determination of Crop Volume. 

(a) Enumerations and Stand Tables (Chapter V). 
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III. Investigations connected ivith determination of Single Tree Incre- 
ment. 

(а) Tree Increment Plots (Chapter VI). 

(б) Stump Analysis (Chapter VII). 

(c) Stem Analysis (Chapter VIII). 

(d) Increment Borings (Chapter IX). 

IV. Investigations connected ivith determination of Crop Increment. 

(a) (Crop Increment) Sample Plots for even-aged crops (Chapters 

X, XI). 

(h) Yield Tables (Chapter XII). 

(c) Increment of Irregular Forest. 

All of these investigations may be an end in themselves, but they 
generally have a further aim in the elucidation of the effects of one or 
more of the following influences 

(1) Seedling or coppice origin. 

(2) Artificial or natural reproduction. 

(3) Variations in artificial reproduction. 

(4) Variations in thinning procedure. 

(5) External dangers (fires, grazing, erosion of soil, irrigation, 
drainage, underplanting, and insect attack). 

The general methods to be applied will be the same in all cases, as 
given in the following chapters, and any special points with regard to 
each are mentioned in Part II of Vol. I under the appropriate hoads. 

The first chapter deals briefly with the essential mathematical pro- 
cesses involved in developing the field data collected in the course of 
statistical investigations, and also to an appreciable extent in deter- 
mining what data require to be collected. 

What should have been the last chapter, dealing with the increment 
of uneven-aged forest, has been omitted for tho present as adequate 
testing has not yet been found practicable. 







Sample Plot in a teak plantation : Quality I, age 3S years, crop height 

Plot th Tliarawiuhly division. Burma. 
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CHAPTER L 

The Mathematical Principles Utilised. 

sstasrt. s ss* ‘4£.t"jys8 

1— ■ j—**.” stasis zz obJ.«i >/— s. *• «»*■?« *> 

up of suon data.] 


(i) The Avebage. 

The three kinds of averages dealt with here are :— 

(1) Arithmetic average, which is computed as the *um of a senes of values 
divided by the number of values summed. In computing the average of grouped 
data, each value is multiplied by the number of times it occujs m the senes (the 
■frequency), and the products are summed. 

. 16 16 17 18 10 

.3 4 6 3 2 

15X3+16X4+17X6+18X3+10X2 

* 3+4+0+3+2 

303 

* 18 
= 1+8 


•Ex. l<rDiqneUr ** ineAe* , . # 
* ‘ Frequency • • •> 

Arithmetic Average 


(2) Weighted arithmetic average .— Weighted arithmetic average differs from the 
ordinary arithmetic average in that to obtain the foimer, each value m the series 
is multiplied before summation by a number which represents not its frequency, 
but a measure of the weight or importance of its contribution to the sum. 


and V lf V„ 


Ex 2 Where p„ p», Pa art growth per cent, in volume of different diameter ckuwes, 

Vj'ore volumes of these diameter dosses : Average growth per cent. « given by ; 

p V, Pt±t*Ji±YiJ2j 

P Vj+V.+V, 

(3) Moving averages.— These arc computed by taking two or more values at a 
. time successively for the whole scr ice, and avomgiug them as for arithmetic avuagee. 

fc !««-=. .- . •»»»»“ 8 ”, “ , 

“tSST- T* .. • » ® ■»" » 21 21 — 'n 

{Bare 23«>i (20+27+22) ; 28=J (27+22+36)} etc. , »■ ' 

' ■-•J».**e the exanplM Bltiipla, m email* number * 

* w here the princip le involved it inapplicable to euob a «m*h mttnber, H ^ 

Hr - ■ ' ' ■ ■ .. 
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The object of computing moving averages is to rid the data of tainorfluettia- 
tions which obscure the general trend in drawing a curve through the points. 

(ii) Measures , of dispersion. 

The Only measures of dispersion referred to in the following chapters are - 

(1) Average deviation of a single observation . — This measures the average deviation 
of each measurement from the mean of the whole series, and is computed as the 
sum of the deviations (irrespective of sign) of the several values in the series from 
the arithmetic average, divided by the number of values. 


Ex. 4. Values 

Total . . . • 



. 5 7 

. 66 

8 12 

14 20 

Average 



66 n 
•“fl- 11 



Deviation from a%>erage . 
Total . • 



. 6 4 

. 26 

3 l 

3 9 

Average deviation . 



26 . n 
.--=4-3 




(2) Standard Deviation of a single observation (S. D .). — The deviations of a set 
of meosuremeuts from the mean can be arranged by magnitude in an ascending 
series. The Standard Deviation is the value of the deviation (positive or negative) 
which is exceeded by only one third of the values. It is most conveniently com- 
puted by summing the deviations, irrespective of sign, arid multiplying by a factor 
dependent on the number of values. - 

This factor F, is actually n being the number of values, and it can 

)>e read directly from the table on p. 245, Appendix VI. 

Ex. 5. At a result of dump analysis of 12 deodar trees, the following stump diameters were 
recorded corresponding to 120 rings on each of the stumps. 

Stump diameters in inches . 26-75, 15-58, 21-78, 10-90, 13-98, 12-23, 19-23, 19-93, 

16-98, 16-05, 19-63, 16-08. 

Total a 209*12 

Number of values . . . = 12 

Average . = 17-43 . 

Deviations from 17-43 , . . *9*32, 1-85, 4-35, 6-53, 3-45, 5-20, 1-80, 2-50, 0-46, 

1-38, 2-20, 1-35. 

Sum of deviations . • . « 40-38 

(Average deviation . . =3-365) 

from the table . . =-1091 

. Standard jlviotion . = 40-38 X-1091 

=4-41. 


The practical utility of S. D. lies in the fact that ordinarily* it had the mean 
to«ther, c<nn^Ct^ly describe, the whole series of values. As only about 6 per cent, 
of the ohmv&tiM|s»or. measurements will deviate from the mean by more than 


— - — — e 

v... % ffee mtimucy condition k that the velnae am normally diftribttted eboufc the mean, end 
to,the theoiyolEoR&elFreqDeneke. 
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twice rs S. D., this range is usually accepted as the limit of significance, in that 
variations exceeding itcannot be accepted as.due to the causes which are responsible 
fair the variation up to these limits within the series. 

Ex. 0. In Ae example of Hump analysis data given above at Example S, the average Hump dia- 
meter of 17*43 wiA a 8. D. of 4-41 means that two-thirds of the total number <f measure- 
ment* tie within the limits 21‘84 and 13*02, only the remaining Aird lying beyond these 
Omits. [17*43-|-4*41— >21*84 ; 17*48— 4*41 «* 13*02.] 

Ex. 7. Referring to the same data again, measurements beyond the range ( Mean ± 2 8. D.) or 
(11*48 ±2x4*41), and so smaller than 8*81 or larger than 28*28, may be rejected ; aver- 
age stump diameter would then be calculated on the basis of the remaining values only. 
In this example one measurement, namely 28*76, will be rejected; the revised mean 
becomes 18*88 and the new standard deviation 3*49, no single deviation exceeding twice 
Ais figure. 


(iii) Standard Error of a mean. 


The standard error (S. E.) of the mean itself is equal to the standard deviation 
of the individual observations, divided by the square root of the number of obser- 
vations. To obtain standard error, it is not necessary to apply this foimula, as 
tables are given on p. 245 for a factor F s which has only to be multiplied by the 
sum of the deviations (irrespective of sign). 

1*8632 

This factor F f is actually — , ^ where n iB the number of values. 


Ex. 8. Required the Standard Error of the mean of a series of ten stump diameters corresponding 
to 120 rings. 


Diameters 
Total . 

Mean . 
Deviations . 
Sum of deviations 
F t from table 
Standard Error 


17 - 20 , 20 * 30 , 23 * 40 , 13 * 80 , 20 * 33 , 15 * 88 , 10 - 15 , 19 - 18 , 22 - 98 , 13 - 90 . 
- 186-12 
- 18-61 

1 * 41 , 1 - 69 , 4 * 79 , 4 - 81 , 1 - 72 , 2 * 73 , 0 - 54 , 0 - 57 , 4 - 37 , 4*71 


- 27-34 


— 0*0418 

— 0*0418 X 27 - 34 — 1-14 


(iv) Sampling. 

By sampling is rnedht the examination of a large group by means of a repre- 
sentative small group or sample, the results of such examination of the sample 
being then generalised for application to the larger group. 

The chief obstacle in the way of satisfactory sampling is the observer himself, 
i.e„ his personal bias (often unconscious) which in its extreme form may be due 
to a desire to find evidence in support of a favourite hypothesis. A direct method 
of eliminating personal bias, at. any rate theoretically, consists in laying down the 
way the samples should be selected. The most usual condition is that they should 
be taken purely at random, and that their number should be adequate.* A further 
improvement in sampling, particularly in the case of the very large group, can 
usually be effected by first subdividing it into a number of appropriate sub-groups 
and taking random samples in each of these. 


* This b faMed on the Theory of Probabilities according to wttoh if an adequate number of 
■ample. ago chose n at random from a large group or " universe ” as it b called, their average b almost 
■nmtoagimiflththatof the whole group (Le., with the" troemeoa’'). 
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Mathematics. j 


In the case of forest statistics, sampling is very 
of the great number of trees and large areas dealt "with, so that for nearly Rif dati*, 
a suitable sampling procedure must be decided before work can proceed in the 
field. The general principles of sampling arc set down in the following paragraphs, 
and numerous instances of application will be met with in the Subsequent chapters. 

(a) The number of samples should be as large as possible, i.e., the larger the 

number of sample trees, or the greater the area covered, the better. ' 

(b) It is desirable to take samples separately for a number of appropriate 

subdivisions such as diameter, height, crown, or form quotient classes, 
quality classes, or area subdivisions. 

(c) -The arrangement of the samples should be entirely at random, or on a 

mechanical basis suited to the nature of the material and the investi- 
gation. 


Ex. 9. In the ease of Premier borings, borings might be taken on every third tree in a series of 
'parallel rows ; when enumerating , the area might be covered in strips at a convenient 
spacing ; when investigating a series of controllable variables , plots might he arranged 
in a Latin square ( see Vol. 1, Part 1, Section VIII (tv)). 


(v) Precision of arithmetic average. 

The arithmetic average of a sample provides the best representative value for 
a whole series, as may be established on the basis of the theory of least squares 
(7, p. 22)* or the normal error law (7, p. 22). However, the fact must not be for- 
gotten that the degree of confidence to lie placed in these averages is not uniform, 
and is measured by the standard error. The precision, being the converse of the 
S. E., varies directly as the square root of the number of observations from wliicli 
•it is derived, so that in considering an average by itself, or in comparison with 
another, a knowledge of the number of observations is essential for evaluating the 
precision attained. 

Ex. 10. In Example 8, the average awl the S. E. calculated from the data from 10 stumps are 
and I'll" respectively. If a greater number of measurements are taken, say 
41, u smaller S. E. of O'G" is obtained ; marked improvement in precision has been 
gained, the. limits within which the true mean lies having been reduced from±l-14 to 
± 0 - 6 . 


(vi) Computation of' the number of observations required fob a given 

DEGREE OF ACCURACY. 

The determination of tho number of observations required for a given degree 
of accuracy is based on the application of the relationship between the standard 
deviation of individual observations and the standard error of the mean. 


8. D.ie 





i calculated from the data as explained above, and S. E. is deter- 
ac^UT^^n results ; i.e., the maximum permissible limit of 
dw to the rajyje 2xS. E. on either side of the mean; S. E. 
£ permissible limit «£ error. : 

■ .» ■■« * .M" ■■ •' 

Rpferpncea to Jitwafafre will bfcfotM i&e oi&'of tht&ode on p/248. 


t Sathemattes 


^(B^w often conv^ftioMi to compute 8. B. after collecting a portion of the data, 
to^tertiaine towbi&exteat it is approximating the desired limit.) 


Ex* ll.ffte foUovHng diameter measurements mere recorded corresponding to 120 rings on 13 
deodar stumps* Required the number of trees necessary so that the resulting average 
diameter may be accurate to 0*5*. 

Diameters . • 20*43, 18*46, 16*50, 22*78, 21*30, 14*60, 17*63, 26*10, 17*70, 21*75, 

11*35, 16*13, 19*42. 

Total . . . « 244*14 

Average • . « 18*78 

Deviations from 

18*78 . . 1*65, 0*33, 2*28, 4*00, 2*52, 4*18, 1*15, 7*32, 1*08, 2>97, 7*43, 2*65, 

0*64. 

Sum of deviations . = 38*20 

F, from table . *=*1004 

S. D. =38*20x*1004 

=3*84 

Maximum permissible 

limit , or error . —0*5* 

0*5 

Therefore S. E. . 


2 


=0*25 


Required, number , g> D . x , r 3.54 y 
of tree* . . ^_-j^_j=230. 


(vii) Curve Construction. 

A. — Choice of scale. 

With a curve well drawn on paper ruled in tenths of an inch, values can only 
be read to one quarter of the ruled units, i.e., to l/40th of an inch, and to £ mm. 
in the case of millimeter paper. 

To determine the smallest scale which will give the desired closeness of reading, 
divide the latter (in whatever unit) by £ for 1/10' paper and $ for mm. paper, and 
the quotient is the number of units in 1/10' or 1 mm. respectively. 

Ex. 12 . If volumes are to be read correct to 4 c. ft. using ljW •paper, one square trill scale 
2 c. ft. (J-rJ), and 1" trill represent 20 c. ft. On mm. paper, 1 c. ft. 

B. — Plotting of averages for drawing a smooth curve. 

It is usually easier to draw a curve over points plotted from group averages, 
than over the individual points, and this procedure is preferable. With excep- 
tionally irregular data it may be helpful to plot “ moving averages ”(cf. p. 1). 

G.— Plotting individual points. 

When a point representing a group average appears badly off the general trend 
of the other points, it is often helpful to plot the individual values which together 
build the average, with a view to considering the possibility of the rejection bf one 
or more exceptionally aberrant values responsible for the abnormal average, 



Mathematics. J 0 

% 

D. — Rejection of observation** 

No figure should be rejected except on very good grduftds. ejected 

should be a small percentage of the total number, and the abnorn^di^e^ihould 
ordinarily balance as regards sign. Great caution is necessary, sinw a lajfjgO devia- 
tion may either be due to some unusual Bource of error, or to the chalice occurrence 
of a large* number of small errors with the same sign ; if the latter is the case, 
..then rejection may diminish rather than increase the accuracy of the final results. 

E. — Smoothing of curves. 

The principle “ Natura non facit sattus ” is accepted in drawing growth curves. 
Sharp turns and double inflections are to be avoided unless reasonably explicable 
by physical factors. Curves should be drawn with the maximum radius of curva- 
ture continued over the longest possible stretch, pie two processes known aB 
smoothing and harmonising are utilised to help towards this end. 

1. Smoothing. — By smoothing is meant graduation of the values of the depen- 
dent variable for series of equidistant values of the independent variable. If the 
observational errors are considerable, or the data scanty, then it is customary to 
draw smooth curves, not actually through the points, but evenly among them and 
as closely as possible to them, on the assumption that the actual function has no 
very rapid fluctuations. In smoothing, the weight of each point should be taken 
as the square root of the number of observations it represents. 

2. Harmonising— By harmonising is meant the graduating relatively to one 
another, of corresponding values in different classes into which a set of data is 
divided. In harmonising, the central portion of the central curve-being based on 
most observations — is taken as the basis, and the end portion of the curve next 
to this, which is generally based upon scanty data, corrected accordingly, this pro- 
cess being continued to the remotest curve. 

The difference between smoothing and harmonising should be noticed ; the 
former relates to values belonging to a single class and so to a single curve, the 
latter to values as between class and class, and so to a family of curves. 

F. — Best fitting curves. 

The term best fit, as applied to curves, customarily implies reference to the 
theory of least squares ( 1 , p. 22). This method of determining the position of a 
curve with reference to a set of points requires that the sum of squares of the devia- 
tions of the observed values from the corresponding values read from'the curve, 
is a minimum. For strict application, it would be necessary to. find an equation 
for the curve, but this is not necessary with the type of data here in question, and 
the term “ best fib ’]} jp used with reference to any reasonable limit of closeness of 
agreement between Ine observed data and the corresponding curved values, such 
as a percentage of the values concerned. The limit selected should be determined 
in eaph burfiattGe ^th. referenoy^o the intended practical application, 
v? that any such comparison of the observed values 

wilh the^4i*ji#j^a i dhl^ . values fr$tt4he curves is applicable, only io such portioui. 
off thbcurveJ as liave Wadequate 'basis in points, 
s table of Squaris is given as App&dkE^pt $>1, 



? Interpolation. 

(4) Use of interpolation. 

curves usually give values corresponding to definite points 
of ag^/jiitilQall^^fte^afles, or the middle of diameter or height classes, etc. Some« 
times also' the basic data themselves represent discontinuous measurements or 
observations separated by an interval of time, etc. For several purposes, details 
of values intermediate between those given in the published tables and curves or 
the recorded observations are needed. To give estimates of such intermediate 
values is the purpose of interpolation. 

{B) Method of interpolation. 

Only the simplest methods of numerical or graphic interpolation will be required. 
Such are : — 

1. Simple graphic interpolation. — When values are given at two or more points, 
representing only a small range or interval of age, or diameter, etc., estimates for 
any intermediate point may be interpolated on the assumption that the value varies 
continuously from point to point, and that the rate of change in value is uniform 
over this small range, i.e., that variation can be represented by a straight line join- 
ing the points. If there is any reason to believe that the latter condition does not 
hold, a smooth curve may be drawn through the points representing known values, 
and the necessary intermediate value read off the curve. 

2. Graphic interpolation with the help of a subsidiary curve. — When values 

available from curves correspond to the middle of diametei and height classes 
(in the general case, if they correspond to mid-class points of two independent 
variables), interpolation is most conveniently done by constructing a subsidiary 
curve based on actual diameters and height, super-imposed upon the original set 
of curves. A typical example will be found in the construction of local volumes 
curves, see p. 32. * 

Nora. — Appendix XI on p. 366, gives commonly used constants and formate whioh should be 
helpful in connection with the processes described in this and the suooeeding chapters. 
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(Hitearal Kolbs for Measofement / 

2 ..' (i] Br»AST HEIGHT. Y , 

;|Y - v Y K\. Breawt Jfeight should be measured by means of a measuring stick on the 

^Itanduig tree aA 4* 6* abovegntmn^levell^ • ■ 

t % On sloping ground, breast height should be measured on the uphill side, after 
removal of any dead leaves and needles lodged there. 

3. The breast height point should be marked by intersecting vertical add hori- 

zontal lines (5* long) whenever possible, painted with white paint. This is referred 
to as the cross mark. v 5 

4. Breast height measurements should not be taken at 4* 6" if the stem is ab* 
normal at that level, but the cross mark should be shifted up Or doWn as little as 
possible to a more normal portion of the Btem. 

5. When the tree is forked below breast height, each fork should be treated 

as though it were a separate tree. If the forking renders tho measurements at 
4' 6' abnorma],- the foregoing rule 4 should be applied.'the tree counting as one 
or two according at to whether more acceptable measurements are obtainable above 
or below 4' 6*. v r 

6. When buttress formation is characteristic of a specios, and is known Or is 
likely to extend upwards with' development of the tree, the cross mark, should be; 
painted at the lowest level above which abnormal formation is ndt -likely to extend. 
This height must be standardised for the species, and the relationship between 
diameter at 4' 6' and at this standard height must Be separately worked out if 
required in divisional practice. See Plate II. 

7. The height above ground level of the cross mark should always be recorded 
for each tree measured. ... 

J;-- ' hi ' " 

-■ " (ii) Diameter measurement. 

8. When callipers are used, two measurements should be taken at right angles 

to each Other. whenever posable; Diameter is then understood to imply the aver- 
age of- the two measurements. ^ 

9. Before taking over-batlf measurements^: climbers, moss, lichen, and loose 
bark should be removed by band or frith apough stick. See Plate III. 

10. Diameter at breast hligbt^bould b$ measured at the cross mark on the 

standing tree* Y': ; YY.YYY' Y-Y ■ 

'• 11'. Dipler-bark measm^meu^ji!^^^ after removing a narrow strip 
(3^4* wiflej of bark all round the stfem, care being required to Insure that the hark 
.^-entirely r#m6ved but Bpnebf f$ie outer wood with it. See Plate IX, 

‘ Y Y' a * 1 » ^objeotioiiexWto a ting.©* bark; the neceseity may b« circumvented 

^ hy limiting the%rking4>o toS&Bk het^eea vdiicb the diameters arc actually recorded by the 
CMUberl. <:• v callipering: all diametet* over bark.ami determining barkthioknCM separately 
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{d) , Standard timber comprises the . volume, including stump but excluding 
bark, down to the limiting diameter of 8* over bark. 

The following treatment of forked tree* should be applied. 

Any tree forked at a height of less than H' from ground level should 
be measured as two trees. 

For trees forked b&low the living crown, the larger arm shoold be treated as 
the stem, and the volume of the other arm should be recorded separately from the 
branoh wood. 

(e) Standard smallwood comprises the volume, including barl between the 
limiting diameters * of 8* and 2* pver bark. 

(/) Timber and smaUwood volumes of a felled tree should be measured by 
dividing the total length of each into as nearly as possible equal at(|. 
tions, and by taking the following measurements. ’< 

(1) Length of each section. 

(2) Under-bark diameter at the middle of e&oh timber section. 

(3) Over-bark diameter at the middle of each smallwood section. 

The length of the sections should preferably be 10', odd being feet included in, the lest 
seotion whioh should not exceed 15.' 

Timber and smallwood in branches should be dealt with in the same way 
when branchwood data are required. Dead branches are not measured. 

Standard timber and smallwood volumes of branches, when required, should be measured 
and reoordod separately from those of the stem. 

Timber and smallwood sections should bo measured straight from end to 
end, no allowance being made for curvature, hollowness of any other 
defect, except as additional data when specially called for. 

(g) Diameter over and under bark at a point half way between breast heighi 
and the top of the tree (For form quotient , see p. 14). 

(A) Ring countings on the stump, and height of the cut pith above ground 
level on the uphill side. 

(») An estimate of the quality of locality on any acceptable standard. 

When eafiipers are in use, fixed iron callipers of S' and 2' diameter may be used with 
advantage to locate timber and gm&llwood limits on a felled tree** 

(vii) Commercial measurements. 

24. Commercial measurements include the following ; — 

(a) Diameter over bark at breast height (Head ii). 

(b) Total height bo the nearest whole foot (Head iii). 

(0) Commercial timber bole comprising the length of the stem from the butt 

as far up as the wood is utilised, or to any limit accept J(J, for the pur* 
pose. 

(1) Commit jial timber comprising the volume excluding bark from the butt 

'as far up as the wood is utilised, or to any limit accepted for the pur- 





Commercial timber should be measured by dividing the commercial 
timber bole into as nearly equal sections as possible, and taking 
0n each section the following measurements. 

(1) Length of section* (Tins should not exceed 20'.) 

(2) Under-bark diameter at the middle of the section. 

Ordinarily, trees forked below 12 ' should not be measured, but when such trees have 
to bo taken, Kule 23 (d) for standard measurements should be followed. 

(e) Diameter over and under-bark at the middle of commercial bole. 

(/) Ring counting on the stump, and the height of the cut pith above ground 
level on the pphill side(.v/w«<j» hight). 

(g) An estimate of the quality of locality based on any accepted standard. 
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CHAPTER m. 

Volome Tablea. 

(t) Objects. 

1. To estimate the volume of an average tree of known linear dimensions. 

The estimate may be based on diameter and height measurements together, or on diameter 
alone ; in the latter case, some knowledge of quality class of locality may be necessary, and may 
require height measurement and age determination of selected trees. 

2. To estimate the volume of a given crop, or marked trees in it. 

This estimate of aggregate volume may similarly be based on diameter and height measure- 
ments, or on diameter and quality class data. The figure obtained may bt> used by a Divisional 
Forest Officer as a basis for estimates of a marked coupe, or by a Working Plan Officer for the 
standing volume of a whole Felling Series and hence for calculating stocking and prescribed yield 
—either an annual average or by prescribed coupes. 


(t'i) Kinds of Volume Tables. 

Two main types of volume tables require to be differentiated, viz., general tables 
which cover the whole natural range of dimensions for the species, and local tables, 
which are applicable to the more restricted range of dimensions occurring in a given 
coupe, compartment, or felling series, and can be derived from the general tables. 
Both kinds of table can be expressed in varying units and may include volume 
down to any desired diameter limit. For use, it is generally a necessary prelimi- 
nary to determine whether the tables are applicable to the specific instance, the 
method being given on p. 25. It is probable that well-defined types within u 
species will require separate general volume tables. 

(A.) General Volume Tables. 

These tables are compiled for successive diameter classes of convenient range 
(l", 2" and 4" are most usual), sub-divided into convenient height classes (generally 
10' or 20') or quality classes (taken from yield tables). The chief use of these tables 
is for the derivation of local tables as described below. 

General volume tables may be compiled in a stimber of forms as described in 
the following paragraphs 

(1) Standard Volume Tables . — Here volume is recorded down to the standard 
limits for timber, 8* over bark at the thin end, with stump included (and likewise 
for small wood if necessary). These tables are mainly of use as a basis for reference. 

(2) Commercial Volume Tables ( Outturn in the round ). — The actual diameter 
limit down to which conversion is done or is customary, is applied instead of the. 
standard limit, stump volume being omitted. The tables are for use only in areas 
over which the closeness of conversion is the Bame. 

These tables are subjeot to the limitations that in practice utilisation varies with time (often 
depending on mtxket conditions) end place. They have much less permanent value than the 
Standardtables, and their chief use is a* the basis for the preparation of purely local (and usually 
temporary) for indi vidual coupes, etc. This value will further vary considerably with the 

etatttUty of local as regards market requirements in kind and amount. Tarticnlarly 

tor tbelower diameter daseee, violent fluctuations are possible which may throw estimates bacUy 

Whether ptfe(teteeteiewtrimimd,) 



or email sized soantling sawn from small trees are saleable or not, wiU decide In individual oases 
between 0 and 100 per oent. utilisation. In suoh dronmstanoes, it is advisable to estimate 
separately for die diameter classes concerned. The wastage in conversion may thus be appreci- 
ably affected by the nature of the market demands. 

(3) Sawn Outturn Tables. — The volume of sawn timber actually sawn from treea 
of different size classes is given. These tables are comparable with (2) above. 

(4) Assortment Tables. — These give volumes in the round which are included in 
trees of given height and diameter classes down to various stated thin-end diameters, 
so that Cl) and (2) are really special cases of assortment tables. 

(6) Sawn Outturn Assortment Tables. — These tables are similar to (4) above, 
but give sawn outturn in standard sized pieces instead of volume in the round. 

(B.) Local Volume Tables. 

From any of the above five forms of tables, simplified tables can be derived 
(cf. p. 32) which are applicable to a restricted locality of more or less uniform 
quality. Classification by height as well as diameter classes is avoided, as with 
uniform quality each diameter class will have a fairly uniform average height. 
This height is estimated from measurements on a restricted number of typical 
trees. It must be repeated that it may be necessary to demonstrate that the general 
tables are applicable to the locality in question ; see p. 25. 

In view of the value of local tables, for practical application to individual coupes 
it is Inadvisable to attempt to make these tables cover too wide a field. It is better to derive 
local volume tables for each set of conditions encountered, especially as very little work is needed, 
given good goneral tables. 

(C). Form Quotient Volume Tables. 

All the above tables, both general and local, can be based on form quotients as 
Well as diameters and heights. 

The technique of the use and the methods of preparing form quotient tables has been chiefly 
developed in Sweden where such tables (SehifTcl, Tor Johnson) have been in use for a number 
of years. These give volumes of trees, classified not only by diameter and height, bnt also by 
form quotient classes (Form Classes). Form quotient is defined as the ratio between the 
diameter at half the height above breast height, and d.b.b., allowance being made for bark- 
thickness and root swell at the breast height point. Of recent years Form Quotient tables have 
received considerable attentiopdn America with the result that a number of these have been 
produced within a short period. Jn India, Form Quotient tables have not been compiled for 
any species. The technique, however, is fairly simple, and is outlined below for oonvenienoe of 
reference. 

The field work consists in the measurement of total height and of diameter over and under 
bark at breast height and at 9 points dividing the remaining length into equal tenths. The 
standard measurements of this code can also be utilised for the purpose, the measurements at . 
the points mentioned being obtained by interpolation, graphic or otherwise. The taper of each 
tree (diameter measurements against corresponding heights above ground) is then plotted on 
oo-ordinate paper and a smooth curve drawn ; values for double bark thickness and butt swell 
are next obtained and applied to d.b.h. measurement to give the reduced ‘ true * or 4 norm al ’ 
d.b.h. values. Values of upper diameters as read oft the curve are expressed as percentages of 
the parmal d.bJi., givjjpg aeries of 4 percentile tapers,’ including the Form Quotient. The percen- 
tile tapers are av^plged bv form olasses, an interval of *060 unit being generally used, and the 
averages so obtained ale plotted, separately for each form olass, against lengths from tip to breast 
height, also expressed as percentages of total height above breast height; smooth curves are 
then drawn and harmonised. These give 1 generalised tapers ’ which can be expressed as an 

iqnfttiiw stem. fom (Hpjartf «qufttion is 0 log 0 +i d= diameter at distance 1 from 

H|f<^t§ge of total height above d.b.h. (n) ; 0 and e are two Constants. In 
(Behrcs),/y=,j ; p^ baa been successfully used; y«= percent age 
■; kOgtfcfroJil^ysndi^FonnQuotient j a and bare constants. 
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From the generalised tapers are worked out the absolute form factors, which are converted 
into b.waat-height form factors, giving values of trees of different heights and diameters classified 
by form classes* 

It is believed that a given set of Form Quotient tobies can be applied to a more or less wide 
group of allied species on the basis of the average Form Quotient for the whole stand. For 
detous, the literature must be consulted. 

(Hi) Compilation of General Standard and Commerical Volume Tables. 

(A.) General. 

The following information should be recorded with all volume tables : — 

(a) Species, common and scientific name. 

(b) Province, detailed locality, quality class of locality, etc., in which the 

data have been collected. 

(c) Units of measurement used, and the portion of the trees measured. 

(These should whenever possible be tbe standard ones.) 

(d) Number of trees measured by d.b.h. and height classes, separately when 

necessary for each important set of data. 

(e) Method of computation (preferably standard). 

(/) Checks applied and results. 

(g) Relation to other existing volume or yield tables. 

(A) By whom the measurements were made. 

The object of recording these items of information is to make the data available for 
combination with further data collected on the same lines either previously or in the 
future. Data collected on' the standard procedure and definitions are of the widest appli- 
cation and if for no other reason, are to be preferred. 


The 1929 Silvicultural Conference passed the following resolution (No. 12) with 
regard to the species to which attention should be given in the first place. 

“ Resolved that Provincial Silviculturists should co-operate in collecting at 
an early date the necessary data for the compilation of general volume tables for 


the following species : — 

Acacia arabica. 

Alntts nepalensis, 

Anogeissus latifolia. 

Artocarpus Chaplasha. 

Bombas malabaricum. 

Casuarina equisetifolia. 
Cinnamomum Cecidodaphne. 

Cedrus Deodara (higher diameters). 
Crytpomeria japonica. 

DdUbergia latifolia. 

Daibergia Siasoo. 

Dipteroocvrpus pilosus. 
Dipterooarpm turbinatus. 



Work on other species should, in so far 

• v* • 


Excaecaria AgaUocha. 

Qptelim arborea. 

Lagerstroemia Flos-Reginae. 

Mema ferrea. 

Michdia Champaca. 

Michelia excelsa. 

Populus euphratica. . 

Pterocarpus Marsupium. 

Quercus incana. 

Shorea aesamica. 

Tectona grandis. 

TerminaHa myriooarpa. 

Terminalia tomentosa. 

Trevoia nudifiora. 

a necessary, be subordinated to these.” 
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' (B), Fieldwork. 

(а) Selection of trees. 

(1) Trees of typical height and development should be selected in crops cover 
ing the range of distribution to which the results are to be applied. They ahoulii 
be evenly distributed over the range of type or quality class concerned. 

(2) Trees with defects other than those which would be regarded as averagt 
for crops under study, such as fork, broken top, etc., should not be selected. 

(3) Separate set3 of trees may be required for different methods of thinning 
origin of crops, etc. 

More discrimination is required in the selection of trees to be measured than lias been givei 
to it in tbo past. A smaller number of trees suitably selected will give better results than i 
much larger number taken with no selection or with conscious or unconscious selection of treei 
gf one type. Generally, trees above the average tend to be selected. A very common erroi 
is to take the trees from too restricted a portion of the area to which it is intended to apply the 
tables, an error often aggravated by the absence of check or record that the restricted area is ir 
any way typical of the whole. 

(б) Number of trees. 

(4) The number of trees required as a basis for a satisfactory table depends 
upon : — 

(i) The grouping adopted. 

(n) The precision required. 

(in) The deviations of individual tree volumes from the mean in each group. 
It should be determined separately for each set of tables. 1,000 trees can be 
regarded as a satisfactory number, provided that the whole range of diameter and 
heights is fairly evenly covered, and that the standard deviation is not too high 
with the grouping adopted; 

A method of determining whether an adequate number of trees has been 
taken is given on p. 4. It must be stressed again that the resultant figure 
is valueless if the condition is not satisfied that the trees are reasonably repre- 
sentative of the whole area concerned. A high degree of accuracy is possible 
for a email uniform area, but provides no measure whatever of applicability to 
a larger and more variable area. 

Ex. 13. From the commercial measurements of 9 trees (Pinus exedsa) in one 
diameter and height class , the volumes were computed ; requited the 
number of trees necessary for measurement so that the volume of the 
average tree of the class may be accurate within 0-5 c. ft. 

Commerical volumes . = 29-9, 32*8, 26-8, 29*8, 29*3, 29*5, 28*2, 

- . 27-3, 30-2 c. ft. 

Total. . . . = 263-8. 

: Average . . = 29*3. 

um"tf deviations . . = 11*3. 

F x framAfMefar n=9 . = *1477. 

S.D. l . = 11-3 x -1477=1-7. 



■ . ^ < 
» 4e. 
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(c) Measurements. 

(5) For standard volume tables, measurements should be collected as prescribed 
under General Rule 23 on p. 10. Standard volumes should be recorded whenever 
possible, even if commercial volumes are primarily required. . 

The extra work . jpvolved in recording standard measurements as well as local commercia 
volume data is almost always justified, and opportunities of adding in this way to the body of 
information of general application should not be missed, above ail for species concerning which 
there are few statistical data at present available. 

(6) For commercial volume tables, the measurements should be collected as 
prescribed under General Rule 24, p. 11. 

(7) Measurements should be recorded on the staudardised form reproduced on 
the next page. 
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(0.) Computation*. 

(a) The Individual Tree Volume. 

(1) Sectioned area corresponding to the average mid-diameter of each section 
should be read from sectional area tables. See Appendix VII. 

(2) Volume of each section should be calculated by multiplying sectional area 
by length of section correct to four decimal places, or this may be read direct from 
tables. 

Three places of decimals would serve most purposes, but in the long run, it is quioker to use 
four as all the tables commonly used give four places. 

(3) Timber or smalhcood volume should be obtained to two decimal places by 
totalling the volumes of the sections measured. 

(4) Derived Units. — If in addition to n r 2 volumes, volumes in other units are 
required, they should be derived from the final tables based on 7C r 2 volumes, i.e., 
derived unit tables should not be obtained independently from the original indi- 
vidual tree volumes measured in such units. 


(6) Grouping, Averaging and Tabulating. 

(a) By height and diameter classes. 

(5) The following diameter and height intervals * are convenient as grouping 
units (groups or classes) : — 

Diameter interval 4". For trees usually attaining maturity at 20" d.b.h. & 

over. 

Do. 2". For trees usually attaining maturity at 12" — 20* d.b.h. 

Do. 1*. For trees usually attaining maturity under 12* 

d.b.h. 

Height interval 20'. For trees usually attaining maturity at a height of 

80' or more. 

Do. 10'. For trees usually attaining maturity below 80'. 

(6) All available data are collected by the selected height and diameter classes 
on the standardised Form 10, an example being reproduced on the next page. 

(7) For each diameter-height group, the following diameter-height averages 
should be computed 

1. D.bJi. 

2. Total height. 

fin grouping, it should bo remembered that halving the customary limits, say from V toS* 
groups* means that average values for the larger groups do not appear in the tables (e.g., 12* — 16* 
class, average 14* ; 12* — 14* and 14* — 16*, averages 13* and 16*), and can only bo read from the curves. 
The greater amount of detail has become a hindrance instead of a help. 



Volume meascbement, Fobm factors, babe thickness and babe percentage of Typical trees. 

Height Class 61'— 80'. 

Species. — Pinus longif cilia. Diameter class 16*1*— 



Sample plot Form 10, 


' [ Volume T»M«s. 

8. Length of bole (standard <jr commercial). 

' 4. Timber volume (standard or commercial). 

5. SmaUwoodvolumefstandard only, and only if required). 

6. Form factors (any required). 

7. Miscellaneous data as required (e.g., thin-end diameter, outturn, conversion 

factors, eto.). 

(7) For each height group (class), average height should be calculated. 

(8) The diameter-height averages, together with the number of trees on which 
they are based, should be recorded on a form such as that reproduced on p. 22. 
This will be referred to as the “ table of basic averages ” by diameter and height. 

(9) When no marked correlation with height has been observed in these com- 
pilations under Rule 6 above, or the differences by height classes are relatively 
small, then further compilation should be made by diameter groups only. 


(B) By diameter only. 

(10) The grouping intervals given under Rule 5 above should be used. 

(11) Average of the measurements listed under Rule 0 above grouped in each 
diameter interval (class) should be computed, and tabulated. 


(G) By diameters and quality dosses. 

(12) The possibility of compiling volume tables by yield table quality classes 
should be considered. » 


In dealing with quality dot*, that of the tree should be distinguished from that of the kcalitv 
Older volume tables suotfas those for deodar of the 1919 Kolu Working Pla7f2) areCt™ 
qualities (aotually height diameter olasses) only. More recent tables such as those for deodar 
of 1926 (3), take the crop average height and diameter figures from the" yield tables * and read 
the corresponding volumes from the general volume curves, but these figures wili’aaain not 
be found applicable as averages for use in a locality of given average quality owing to the 
limitations inherent in crop average figures. Hence the prooednre given in the following 
paragraphs is reoommended, allotting each locality unit to its average quality class fc 


(13) For species for which yield tables exist, each unit of area in which measure- 
ments are taken should be allotted to its quality, by the ordinary yield table methods. 

(14) For species for which yield tables do not exist, average height of trees of 
determinate ages measured in each unit of area should be plotted against age, and 
on any suitable basis a series of curves should be drawn delimiting classes. 

(15) Data should then be grouped by the quality classes of the area units, and 
the height/diameter curve on the basis of diameters should bo drawn for each quality. 
The utility of compiling volume tables by qualities should then be decided |n view 
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* In other cases, the conversion factor, will vary in the several diameter or diameter* 
height classes. In such cases, curves and tables for the conversion factor against 
diameter or diameter-height should be derived, and applied to .the. table in ques- 
tion. ' •; - . 

Ex.4fc. 

Subordinate Table* 

Commercial vohime/diameter 
Heartwood /diameter . 


Ex. 16. For the heartwood volume for Acacia Catechu, the percentage rela- 
tion to commercial volume varies from 65 per cent, for the 8 ' — 12' 
diameter class to 69 per cent, for the 24' — 28' diameter class. 

. If trees be assumed to have truly circular section, the conversion factor for 
girth-diameter is 1 /tt= 0-31831, and for (quarter-girth) 2 /7t r* volume is 7r/4= 
0-785. The average deviation from circular section varies with the species and 
should be separately determined. A list of the faotors which have been determined 
up to the present will be found on p. 36. 

(D) Checks. 

18. The following checks should be made : — 

(a) Aggregate check. — The actual volume of the trees measured should be checked 
against the total volume read from the final curves for actual average diameter 
and interpolated actual average height, both available from the table of basic data. 

The difference should not exceed 1 pet cent. 

Ex. 17. Data on which the published tables for Pinus excelsa are based. 

Volume obtained Volume derived 
by totalling from 

field data. tables. 


0. ft. 

1,27,923 1,28,509 

2,637 2,596 

The timber ijfpius well within the prescribed limits ; for the Smallwood, a larger 
variation is permissible and is to be expected ; the agreement found is dose enough. 

(b) Height j diameter class check.— > This is merely a further analysis of the aggre* 
gate cheek dese|ib.>d abova^-Applied to each diameter and height class. The 
tfc« total volume obtained from the field data ’and correspond*. 
.irSg ^Valni vth$ curve j^fist actual average diameter and interpolated 

aotual average multiplied by t£e number of trees in the class, should not 


Standard volume. 


t. Timber 
2. Smallwood . 


Percentage 

difference. 



m Principal Table or Curve. 

3. Standajl volume/diameter 

■ V 

4. Commercial volume /diameter 


Conversion factors. 


Calculated percentages of com- 
mercial volume to standard 
volume by diameter classes. 

Calculated percentages of 
heartwood in commercial 
volume by diameter classes. 
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differ by more titan 5 per cent. At the same time, there thouM not be less tbta $8 
trees in the class for the check to be reliable. , ’ 

(c) Relative check . — When two or more tables are derived independently from 
the same data, they should be cheoked against each other, e.g., volume' directly 
from field data, and volume as the product of cylinders and formfactors. 

Ex. 18. Commercial volume tables for heartwood of Acacia Catechu. 

The procedure recommended is (1) to determine for each height I dia- 
meter class (or diameter class only) the percentage relationship 
between the heartwood volume and commercial volume as recorded 
in the basic data form ; (2) to plot and smooth the percentages so " 
obtained ; and (3) to derive the heartwood volume tables from the 
commercial volume tables. The check would then consist in plot- 
ting the basic data for heartwood volume direct, drawing and smooth- 
ing the curves as usual, and reading off the mid-doss values, and 
comparing the figures so obtained' with those from the procedure 
first described. Agreement should be within, say, 3 per cent, for 
each doss represented by an adequate number <f trees, and if it is 
not, it should be seen whether the two sets" of curves cannot be 
mutually so adjusted as to reduce the disagreement. The derived 
curve is the more acceptable in case of disagreement. 

Ex. 19. Local commercial timber volume curve for Acacia Catechu. 

The curve was constructed as described on p. 32, over the general 
curves for commercial volume datct. Values read from the curve 
should agree within, say, 3 per cent, with the corresponding values 
read' from a curve drawn independently, directly from the basic 
data, and it will be seen that they do so except for the lowest diameter 
doss which is known to be exceptionally variable. 


Diameter class 

• 

8* — 12* 

! 12* — 16* 

j 

,16*— 20* 

20*— 24* i 

24*— 28* 

i 

i 

Volume in o. ft. 

• 

6*0 

14-6 

32-0 

62-5 

76-0 

i 

; From local 
! volume ourve. 


i 

6*3' 

15*0 

31-8 

1 i 

i 

53*0 

1 

75-0 

: From curve 

drawn direct 
from basic 

data. 

Percentage difference 

1 

6 

_ 1 

3 

1 I 

i 

1 

1 



(d) Average deviation check . — The average deviation of actual individual tree 
volumes from those read from the curves (with interpolation for height as neces- 
sary) may be competed. The utility of this step is explained in the next para- 
graph. As, however, this check is very laborious, it need only be applied in the 
case of tables which are considered, of importance from the point of view of their 
possible wide application. 

(E) Applicability of General Volume Tables. 

When Volume tables are available for a species, the point which is first to be 
decided is whether or not these tables are directly applicable in a given locality or 
to a given coupe. For this purpose a small number of trees, 4 -t 5 in each diarneter 

•; 0 3 
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height should be selected as prescribed under Rules 1—3, p. 24, theix measure* 
meats (standard or commercial, as the case may be) carefully recorded, and the 
volumes read from the curves. The differences of the comparable 
values of these two series should be averaged (average deviation), and also their 
al gebraic sum determined (aggregate difference). 

For the tables to be directly applicable, it is necessary that— 

(i) Average deviation (A. D.) of the n test trees should be of the same order 
of magnitude as that of the basic data of the table. Unfortunately, 
this has not been recorded for any of the published tables. 


(ii) The aggregate difference 


should not exceed 


2xA. D. 

~~Jn 


Ex. 20. Commercial measurements of 12 trees (Pinus excelsa) coming a 
fairly wide range of diameters were made in a certain area ; re- 
quired to test whether the existing tables are applicable or not. The 
Amage Deviation of the basic data of the tables is taken as 7 per 


cent. 

The measurements of the test trees, the actual calculated volumes, the 
corresponding table volumes obtained by interpolation to exact height, 
and necessary computations are given in the following table : 





Commercial volume 

0. ft. 


Tree 

No. 

D.b.h. 

Total 

height. 

Actual. 

From 

the 

curves. 

Difference. 

Computations. 


Ins. 

Ft. 





1 

15-1 

98 

25*8 

33*0 

7*2 


2 

19*6 

80 

51*0 

45*8 

5*2 

Aggregate difference 
1862*9—1772*2 

3 

22-2 

93 

65*1 

700 

4*9 

" 1772*2 

4 

23*6 

116 

111*9 

1004 

11*5 

“4*6 per cent. 

5 

24-5 

128 1 

1307 

1200 

107 

Average deviation 

1201 

6 

26*8 ' 

112 

127*5 ! 

123*9 

3*6 

“mS** 100 

7 

27*7 

125 

165*3 

149*1 

16*2 

=•6*8 per cent. 

8 

27*9 

131 

191*2 

181*1 

101 

Average deviation of bailie 
data *7 per oent. 

9 

30*4 

115 

176*3 

165-5 

108 

2 X A. D. 2x7 

10 

354 i 

m 129 

248*3 

255*9 

7*6 

“ V12 
a* 4*0 per cent. 

11 

32*4 

132 

233*5 

219*0 

14*5 

(This quantity, 4-0 per cent., 
measures the maximum 

12 

37v% 

•'It ''I ' 

: 

■ r. 

326*3 

: 

308*5 

17*8 

permissible sampling error 
of the difference of the 
mean qf the Table values and 
the te 0 t trees.) 

: \ 

'1 



J 1772*2 


,***•» *V 



' 

1 

120-i 










From the above computation, it would bemnthat— 

(i) The average deviation of the trees from the curved values is 6‘8 per cent. 

and so is not appreciably different from that of the basic data (7 per cent.). 

(ii) Aggregate difference is 4-6 per cent, which only slightly exceeds 

the quantity 2 ~ / ^' 07 4c0 per cent. Hence the existing tables 

can be directly applied, special tables not being necessary. The small 
discrepancy may be due, to different tree shape, etc., or to a different 
standard of conversion which may be suspected of influencing mainly 
the lower diameter classes. 

(iii) Had the average deviation of the basic data of the geneml tables been 3 

per cent, this sample would shew a significant difference, and the 
tables could not be applied until confidence that the total volume obtained 
would agree with that calculated from the tables, within the limits of the 
sampling error of the difference between the data on which the tables are 
based and the local test data. 


When the discrepancy is likely to be due to difference in conversion of the smaller 
diameters, the above test may be applied again after excluding the diameter classes 
affected, and the latter may be dealt with by a simple percentage correction for 
the lowest class, if this alone is concerned. Otherwise the new tables required 
should be derived from the existing general tables by calculating the difference 
between the actual volume of each test tree and its volume from the tables, and 
then curving the differences over the corresponding diameters. The smoothed 
differences are then applied to the general curves and tables. 

When the discrepancy is likely to be due to difference in forest type, an entirely 
new set of tables may be called for, to be compiled exclusively from data collected 
in the type in question. 


(iv) Compilation op General Outturn Tables. 


(A) General. 

Figures are required in divisional practice for estimating the actual volumes of 
timber, etc., likely to be extracted from a given coupe. 

When extraction is entirely in the form of logs, the commercial volume tables give the required 
figure except for the application of a local reduction factor to allow for losses due to rot, hollow- 
ness or crookedness, and in cutting the tree into logs of manageable or saleable size.. Assort- 
ment tables for timber in the round similarly give tbe volume for any desired thin-end diameter 
limit. 

When the outturn is all in the form of sawn timber, it is preferable to base the estimate on 
separate tables for sawn outturn volumes, or assortment tables, if available. A great advantage 
of such estimates is the elimination of the personal element. 

When the outturn is partly sawn and partly in the round, it beoomes almost impossible to 
estimate the combined total unless it is known that certain size classes are extracted practioslly 
exclusively in the one form or the other, so that they can be dealt with separately. 
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(B) Field Work. 

. (a) Selection oft rees. — Random selection is commonly necessitated by condi- 
tions of field work. As a rule, selection is limited to trees measured for standard or 
commercial volume, and if they are acceptable for the one purpose, they will usually 
be so for the other, provided ho further selection is allowed to ©ecur. When collect- 
ing data for outturn independently, the same principles should be followed (as far 
as conditions allow) as for volume tables. 

(6) Number of trees. - Sawn outturn will be found to vary considerably for trees 
of the same height/diameter class and so small numbers of trees are liable to give 
unreliable results. It should, however, ordinarily suffice for derivation of an 
outturn table from the commercial volume tables, if not less than 25 trees are 
measured in each commonly represented height/diameter class. 

The number required for a given degree of accuracy will depend on the actual 
range of variation occurring, and if required, can be checked by the general method 
given on p. 16, working with the percentage relation to commercial bole volume. 

Ex. 21. The following percentages of sawn outturn to Commercial Volume 
were calculated from the measurement of 13 trees (Pinus (xcelsu) 
of one diameter and height class. Required the number of trees 
in this class for which measurements should he taken to give an 
accuracy of 0*5 %. 

Total of the percentages . = 585. 

Average percentage . . — 45. 

Sum of deviations . . — 27. 

F j from the table . . = ‘1004. 

S. D. . . . . = 27X-1004. 

= 2-7. 

S.E = -y-=*25. 

N umber of trees required . = =(10*8) a =117. 

(c) Measurements. 

(1) D.b.h., total height, and total outturn, form the minimum number of measure- 
ments required. 

(2) The necessary measurements for standard and commercial volumes should 
also always be recorded when possible. 

(3) The outturn should be recorded by numbers of pieces of each size separately. 

(4) In recording the size of scantling, etc., standardised sizes should b used in 
place of actual dimensions, e.g., a B. G. sleeper as 9'xl0*x5", not 9' 6*xll*X5i*. 

(C) Computation. 

(a) Outturn tables should not ordinarily be compiled directly from field data* 
but indifectly Jrom the tables of commercial volume by means of a table of per* 
ttenta^es.’f .the ^lationship between* the two for tr$QB of different size 

oinitiii)^ *p i® dgjriyed from measurement of an adequate number of 

treesbo&tfeya 
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When commercial volume tables do not exist and outturn tobies are required 
with a minimum of delay, the latter may be compiled directly. The procedure for 
compiling the outturn tables directly from field data is as described for volume 
tables, but is much simplified by the nature of the data. The same steps should be 
followed, omitting such as are not required by the data. 


(v) Compilation op General Assortment Tables. 

(A) General. 

Assortment tables are made with the following special objects : — 

1. To estimate the commercial timber of a coupe in the round, on the basis 

of the minimum thin-end diameter limit utilised in conversion, and 
d.b.h. and height, the latter usually being estimated or measured on 
typical trees. 

2. To estimate the sawn outturn of a coupe on the same basis. 

The standard timber Volume tables tube in the whole volume (including stump) dowii 
to 8* diameter over bark, whilst the commercial volume tables take in the whole 
volume (excluding stump) down to a certain limit varying from tree to tree but on the 
average approximating a definite figure for each size class and decided by tlio fhape of 
the tree (above all of its crown) and the requirements of the markets. Jt is quite possible 
to compute from the standard measurements for the a verage tree of each height/diameter 
class, the volume of timber down to any desired thin-end diameter. Tables giving these 
volumes are termed assortment tables and have been compiled for the important European 
species. 


(B) Field Work . 

(а) Selection of trees . — As for standard volume tables ; see p. 16. 

(б) Number of trees . — As for standard volume table b ; see p. 16. 

(c) Measurements. 

(1) The minimum thin-end diameter limit down to which the timber is 

converted for each size of sawn timber should be determined. 

(2) Standard measurements should be made. 

(3) Measurements for timber down to the fixed thin-end diameter limits 

should be made, the stump being excluded. 

(4) Sawn outturn of each tree should be measured ; standard dimensions 

should be recorded, but information should also be collected to permit 
of making the necessary allowance for correction to the average 
dimensions actually sawn. 

(0) Computations. 

(1) Standard timber and timber up to the fixed thin-end diameter should be 
calculated, and the latter expressed as a percentage of the foimer. 

(2) Hie percentages calculated above should be grouped by suitable d.b h. 
lames, and carved over average diameters. 
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(3) The curved values read from the smooth curve should^ be allied to the 
standard volume tables to obtain assortment volumes for different thin-eud 
diameters. 

The assortment tables for sawn outturn are developed theoretically from assortment tables 
for round timber by graphic methods, or by calculation. In the case of the former method, 
the taper of the typical tree of each diamoter class is plotted, and the most economic conver- 
sion into sawn sizes assumed (with due allowance for kerf and sawing allowances over the 
standardised dimensions). 


Ex. 22. 




Volume in cubic feet. 

Bole length in feet. 


Height 

class. 

Thin-end diameter. 

1 

Thin-end diameter. 

Diameter class. 

11'. 

13'. 

16'. 

HI'. 

13'. 

15'. 



Per cent. 

Per cent-. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 



*94-8 

92-1 

87-7 

88*6 

82-0 

76-6 


Feet. 





t 

: 

Over 28*— 32* . 

121 — 140 

2271 

221 

210} 

108 

95 

89 


101 — 120 

202 

196 

187 

90 

84 

78 


81 — 100 

171 

166 

168} 

74 

69 

64 



Per cent. 

i 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 



*91-9 

87-4 

80-7 

85*0 

76-9 

66*1 


Feet. 


■ 





Over 24' — 28' . 

121 — 140 

161 


141 

90 

82 

69 


101 — 120 

143 

■9 

126} 

80 

72 

61 


81—100 

122} 

■ 

107} 

65 

69 

50 


Usually those percentages do not show any marked correlation with height making it worth while 
to group them by diameter/height classes, but if pronounoed correlation is notioed, these percentages 
should be grouped and smoothed both by diameter as well os height. 

i i iiy i n.um i ^ ■ i i 11 *** ^ l * lll " ,lw • ■ i i ’ ll 1 '. ' ■■■ i. ■■ »*■■»■■■ ■■ n ' n » 

• * the c<> rre£ p w #i*g standard volume and Me length and have been applied 

pthelatUrioffidkw ■ ; * 
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Ex. 23. Sawn outturn jforPinus longifolia. 

* 




Thin-end diameters. 

Diameter class. 

Height 

11*. 

13*. 

15*. 


class. 

12' x 6* x 4* 
Scantl- 
ings. 

6' X 8* X 4 J* 
M.G. 
Sleepers. 

d'xurxs* 

B.G. 

Sleepers. 

Over 28'— 32' . 

Feet. 

121 — 140 


4 

23 


101—120 

2 

4 

16 

. 

Over 24'— 28- . 

121—140 

2 

4 

17 


101—120 

2 

2 

14 


81—100 

2 

4 

9 


Remakks. 


It is assumed here that 
oonvcrsion is done in 
the first place for B.G. 
sleepers, then M.G., and 
any top piece too thin 
for a pair of M.G. 
sleepers, to 6' x 4' 
scantlings. The table 
could be prepared on 
the same lines for any 
other procedure adopted 
in the coupes con- 
cerned. • 


In American literature, frequent references will be found to “ log rules.** A log rule gives 
an estimate of outturn in board feet, i.e., in boards one inch thick, for logs of given length and diameter 
— the diameter being usually that at the thin-end. Such log rules are based either on graphic consi- 
derations, circles of known diameters being divided into rectangles representing the cross-section of 
the pieces into which logs are converted, or on mathematical considerations, allowance being made 
for estimated percentage losses in conversion due to saw-kerf, outside slabs, etc. 

The accuracy of results obtained with the use of log rules varies with defects in the logs (rot, shake, 
knots, crookedness, etc.), gauge of saw, intensity of conversion and skill in sawing or conversion. 


(D) Application . 

(1) Heights of typical trees in each diameter height class should be measured 
and curved over diameters. 

(2) The actual thin-end diameters down to which timber is converted in the 
locality in question should be measured for typical trees of all diameters classes, 
and curved over diameters. 

(3) On the basis of the thin-end diameters, d.b.h., and height so measured, onttnm 
in the round or sawn can be read directly from the tables. 

(4) It should be remembered that these tables give the theoretically maximum; 
figures, and require a percentage reduction based on aetual experience of their 
•pplioatioh of number of coupes. 
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(vi) Compilation op Local Volume Tables. 

(A) General. 

Local volume curves and tables should be derived from the general ones for* 
application to individual coupes, etc. 

The general object is to eliminate height so that the enumeration or. marking lists can be 
. directly converted into volumes, and to have a table for uec for the particular average quality 
class instead of for the middle of the standard quality classes. 

The Jiesearch staff will usually collect the data for and compile general volume tables whethor 
on the standard or commercial basis, and it will fall to the local staff to derive local curves and 
tables for local use. 


(B) Field work. 

(1) Each type of looality should be separately dealt with whenever the difference 
is appreciable. 

(2) When compartments have been allotted to quality classes by the working 
plan, sufficiently close estimates may be obtainable by use of the corresponding 
curve, but in view of the variation within a quality class, a local curve may still 

•be preferable. 

(3) The total height and d.b.h. of four or more typical trees in each 4' diameter 
class should be measured, the selected trees conforming with the following 
specifications : — 

(а) They should have, as nearly as can be judged, the average height of the 

trees of their diameter class standing within their immediate vicinity, 
and 

(б) They should be as widely and as regularly distributed as possible over 

the whole area in question. 

For measuring height, see Appendix X, p. 253. 


(C) Computation. 

.(1) Height and d.b.h. measurements should be averaged for each diameter class 
and the averages so obtained plotted for a height/diameter curve. If the points - 
do not easily fit a smooth curve, further measurements should be taken if this can 
be done : if it cannot, the individual heights should be scrutinised for possible 
abnormalities which cjpi be exoluded. 

(2) Heights for any convenient diameters such as the middle of the usual 4" 
classes, i.«., at 10', 14', 18*. . . , . . . .should be read from this curve. 

(3) ,The8e he^te shouid be f 4hte polated between the general volume curves at 
th i c^rres^l^u^ £|^u«tars, and a smooth curve drawn through the points. 
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(4) The volumes oorxedponding to the middle of diameter classes should be read 
from this curve and tabulated as the Local Volume Table, 


Published Volume Tables for Indian species. 


Species. 

Date. 

Locality, etc. 

Reference. 

Author. 

Acacia Catechu 

• • 

1929 

North India . 

Ind. For. Rec., Vol. 

xm, Pt. ix. 

H. G. Champion, 
I. I). Mahendru 
and Parma Nand 
Sun. 

Cedrus Deodara 

• • 

1920 

United Provinces 

and Pnnjab. 

Ind. For. Reo., Vol. 
XII, Pt. VI. 

8. H. Howard. 

llcriticra Fomes 

• 

1928 

Sundorbans, Bengal 

Ind. For. Reo., Vol. 
XIII, Pt. IV. 

Parma Nand Suri, 

Pinas lonyifvlia 

• 

1924 

United Provinces, 
Punjab and 

Hazara, N.-W. F. 
Province. 

For, Bull. 58 . 

S. 11. Howard. 

Pin us longifolia 

• 

1920 

Do. 

Ind. For. Rec., Vol. 
XII, Pt. V. 

Do. 

Finns excelsa , 

• 

1929 

Do. 

Ind. For. Reo., Vol. 
XIII, Pt. VIII. 

H. G. Champion, 
I. D. Mahendru 
and Parma Nand 
Suri. 

Shorea robusta 

. 

1922 

North India . 

For. Bull. 47 . 

S. H. Howard. 

Shorea robusta 

• 

1924 

Do. 

Ind. For. Reo., Vol. 
X, Pt. VI. 

Do. 

Shorea robusta 

i • 

1925 

Do. 

Ind. For. Reo., Vol. 
XII, Pt. I. 

Do. 

Shorea robusta 

t ' 

• • 

f 

1928 

D liars, Bengal 

Ind. For. Reo., Vol. 
XIII, Pt. III. 

Parma Nand Suri. 

Tectona grandis 

l 

*1922 

Tharrawaddy Divi- 
sion, Burma. 

Burma For. Bull. 0 ! 

H. R. Blanford. 

Tectona grandis, Xylia 
dolabriformis, Termi- 

naiia tomentosa, and 
Dipterocarpus tubercu- 
laiae. 

1923 

Burma . 

Do. 10 

a • 

Tectona grandis 
Shorea robusta* 

and 

1925 

■ * 

Central Provinces . 

Ind. For. Roe., Vol. 
XI, Pt. VII. 

V. K. Maitland. 

Tectona grandis, Heritiera 
Fomes, Padauk , etc . 

1926 

Burma . 

Burma For. Bull. 15 

• a 

Tectona grandis • 


1928 

Do. . 

I)o. 17 

G. 8. Shirley. 
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CHAPTER IV. 

Conversion Factors. 

(i) Callipered diameter/Taped girth. 

(A) Objects. 

1. Conversion of girths into the corresponding callipered diameters and vice 
versa. 

2. Conversion of values tabulated by girth classes into the corresponding values 
tabulated by diameter classes and vice versd. 

3. Conversion of quarter-girth volume measurements into rcr® volume measure- 
ments, or vice versa. 

Although callipers have widely displaced tapes for measurement of standing trees during 
the last decade or so, quarter-girth volume is commonly still used, particularly with logs. 

These conversion factors are particularly required when data from different sources, some 
measured one way and some another, have to be combined. 

( B ) Procedure. 

(a) Field data. 

(1) Typical trees of all sizes should be selected for measurement. 

(2) What is to be considered typical should be decided separately for each 
locality. Abnormal trees should be omitted altogether, including those with 
irregularities at breast height. 

(3) Two diameters at right angles and the girth should be measured at breast 
height on each tree. 

(4) Trees selected for measurement should be well distributed over the area 
to which the resulting factor will be applied. 

This is very important as it is probable that the conditions under which the trees are growing 
affect the reiationshipHn question. 

(b) Compilation. 

The callipered diameters and girths are averaged by one foot girth classes, and 
the averages of the former plotted over the latter. A smooth curve, which usually 
is — or approximates closely to — a straight line, is drawn over the points and 
should when extrapolated pass through the origin. The ratio of the co-ordinates 
of any point on this straight line will give the required ratio. If a curvilinear re- 
lation is definitely indicated, it means that the ratio varies with size class, and its 
values must be read off and tabulated by classes. 

If the trees were truly circular, the ratio should be l/w— 0-3182, and the deviation from this 
value will be proportional to the deviation of the average cross section of the tree from a circle ; 
the smaller the factor, the further its shape from a circle. 

It must be olearly realised that the factors obtaine ! as described include any errors that may 
be involved in taking and recording the measurements with the two instruments used : this 
does not alter their value for practical purposes. 

Actual values hitherto recorded are given in the following section on p. 36. 
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(c) Number of measurements required. 

For a given species, the number of trees required to be measured for a given 
degree of accuracy may be determined by the method given on p. 16. The numerical 
values of the ratios diameter/girth calculated from the data will be the variables 
in this case. 


Ex. 23. The following diameter /girth ratios were calculated from the measure - 
numt of 9 Acacia Catechu trees ; required the number of trees neces- 
sary for measurement so that the resulting average ratio may be 
uccurate to the third place of decimals (• 0005 ). 


Diameter/girth ratio 

Total . 

Average 

Sum of deviations 
Fj from table 
S. D. . . 

S. E. . 

Number of trees . 


=•3114, -3138, *3107, -3151, -3164, -3094, 
•3107, -3116, -3094. 

=2-8085. 

= -3121. 

= -0184. 

= -1477. 

= -0184x-1477=-0027. 

= £ x •0005=*0003. 

- (S> =»'• 


(ii) Quabter-girth volume / 7rr s volume. 

(a) Field data. — No special data are required, as for all practical purposes it 
suffices to make use of the linear relationship of girth and diameter. 

(b) Compilation. — The required factor f is immediately obtainable from the 
factor / for conversion of girths into diameters by application of the formula 

/, == -~y i which is obtained by combining the equations d—f Xg and f , = -f- JW*. 

(c) Recorded factors. — The factors at present available are as follows : — 


Species. 


f—d/g. f t =~^ Number of trees. 


Acacia Catechu . . 

• 

0-3104 

0.8259 

510 

Bombax tnalabaricutn 

• 

0-3135 

0-8097 

m 

Cedrus Deodara 

• 

0-3136 

0-8092 

* 

Dalbergia Sissoo 

• 

0-3098 

0-8291 

* 

Hcritiera Femes 

. 

0-3111 

0-8209 

♦ 

Pinus exedsa . 

• 

0-3133 

0-8107 

850 

Pinus longifolia 

• 

0-3093 

0-8317 

♦ 

Quercus incana 


0-3087 

0-8340 

♦ 

* Shorea robusta 


0-3119 

0-8181 

♦ 


V .... . ' % . . 

Where tim entt foe the number 6t trees is an asterisk,* the precise number has not been placed 
on record but is boUeywi 4>o be in each t ake over 500* 

. The errdr iiV&vaiJ ip thes^ figures has jpot hitherto been calculated, and it is possible that 
in ,some cases' the difltafcneo from true circular section, or us between species, is not 
significant. f •; 
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(iii) Solid voiajme/Stacked volume. 

(A) Objects. 

1. To convert stacked volume into volume in solid cubic feet. 

2. To derive assortment tables for fuel in stacked cubic feet. 

(B) Procedure. 

(а) Sample stacks. 

(1) Sample staoks selected for measurement should be representative of the 
local practice, as regards size, shape, and quality of billets, as well as of the method 
and closeness of packing in the stacks. 

(2) In the case of the supply of mixed species of woods from a given locality, 
it should be seen that the mixture of wood species in the stacks is representative 
of the whole supply. 

(3) Hardwoods and softwoods should be stacked and measured separately. 

Heavy and light hardwoods or woods with markedly different calorific valuer arc* usually 
differentiated (e.g., oaks from all associates). 

(4) Stacks may be made in any convenient size according to local practice, but 
are preferably of medium size, say not under 100 c.ft. or over 500 c.ft. 

(5) Stacks should be of uniform height to obviate any necessity for averaging. 

(б) Measurement of stacked contents. 

(6) Stacked volume should be determined by measuring length, breadth, and 
height of the stack correct to the nearest quarter of a foot, but it is preferable that 
the stacks be built to predetermined dimensions in whole feet. 

(c) Measurement of solid contents. 

(7) In the case of stacks of round billets, the solid volume of each billet should 

be determined by the usual measurement of mid-diameter and length of the 
billet. 1 

(8) In the case of split wood, the solid volume should.be determined by weigh- 

meut.- For tins purpose, sample billets of regular shape should be obtained, and 
their weight and volume determined by the usual method ; if sample billets of regular 
shape are not available, the solid volume should be determined by xylomctric 
methods. , 

Any vessel of uniform section (cylindrical or rectangular) can be used as a xy lometer. The 
volume of the submerged body being equal to the volume of the water displaced, all that is 
necessary is to note the level of water in vbc vessel before and after submerging the wood ; the 
cross section of the vessel multiplied by the difference in levels is the solid volume of the sub- 
merged wood. Care should be taken not to keep the wood long in the water. 

(9) Samplfe billets should be identical with the splitwood to be measured in all 
respects, notably as regards the source from which obtained (quality of locality, 
type of forest growth conditions, portion of the tree utilised). As the billets shrink 
on drying, care is required that moisture content is similar for all volumes U> be 
compared. 
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(d) The conversion factor. 

The actual conversion factor is the numerical value of the ratio 
and is usually calculated correct to the second place of decimals. 

Ex. 24. Typical conversion factors are recorded as follows : — 


Ghir pine . . . = 0*46 Ranikhet Division, U. P. 

Oaks . . . . — 0>50 Ranikhet Cantonment, V. P. * 

The results of European investigations with regard to the solid contents of stacked volume* 
are: — ^ 

1. The effect of species is limited to the extent of differences in bark thickness, crookedness, 

and knots, and is generally inappreciable. 

2. The strnighter, smoother and thicker the pieces, the higher the solid content. For this 

reason, the smaller the number of pieces, the higher the factor, other things being 
equal. 

3. Tight and parallel packing increase the solid content. 

4. Care and skill of labour appreciably affect the solid content. 

6. The longer the pieces, the smaller the solid contents of a given volume. 

6. In the process of drying, the shrinkage varies with different species ; for a given species it 
varies with the portion of the tree from which the wood is extracted. 


(iv) Weight/Stacked volume. 

(A) Objects . 

1. To convert stacked volume into corresponding weight. 

2. To derive assortment tables for fuel by weight. 

4 For weighmrat of fuel, the usual nnit of weight is the maund of 100 lbs. also called a 
cental ’. 


(B) Procedure. 


(1) Sample stacks should be selected as for the solid volume/stacked volume 
factor ; see p. 37. 

(2) Stacked volume should be determined by measuring length, breadth, and 
height of the stack as for the solid volume factor ; see p. 37. 

(3) Stack wood should be weighed on a balance correct to a pound. 

Since weather has an appreciable effect on the moist ure content s, weigh men ts should not Ike 
carried out in moist or bad weather. 


(4) The weight recorded will vary greatly according to the tinq^ and condi- 
tions of storage since the trees were felled. The best procedure in this respect must 
be determined for each area, depot, or season, and care taken4hat Uniformity ifr 
attained in this respect in the determination of each conversion factor. ' *. 

(5) The required factor is the numerical value of the ratio — -— ■ weig fo 
correct to a pound. 


stacked volomeo.ft. 


To each factor shopld be added specifications of moisture contents of wood, such as “ green,” 
“ forest dry," 44 ^Sot-dry ” and " air-dry," the terms being explained with reference to the 
period, place and the conditions of storage. # 


Ex. 25. Ghir pine 1 c. fu stacked— 23 lbs., Ranikhet Division, U. P. 
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CHAPTER V. 

Enumerations and Stand Tables. 

(i) Objects. 

Most enumerations are done to supply the necessary data for assessing the 
growing stock of a forest with a view to determining the yield. Less frequently 
they are required for assessing the value for purposes of sale or exchange, and for 
estimating the returns to be expected from clearfelled coupes. With intensive 
management of forests in the future, they may also be required for the determina- 
tion of current periodic increment of crops. 

(ii) Field Equipment. 

One party engaged on enumerations for research work will require the following 
instruments, etc. 

Callipers ... 3 Research callipers graduated to tenths of inches. 

All-metal callipers (such as Frommc’s) are 
best for larger diameters, but metal bound 
wooden callipers are equally serviceable 
for small diameters (Flury’s, or locally 
made). 

Scribes ... 2 

Tapes (Linen) . . 2 100' and 66' 

Steel tape . . 1 25' long for checking callipers and tapes. 

White paint . ... Quantity depending on nature of work. Best 

quality should be used. 

Linseed oil . ... Quantity depending on nature of work. Best 

quality should be used. 

Forms Perforated books arc most convenient. 

Chaty: • .... 

Hypsometer . . 1 Such as Abney’s Level, Model 265 F with 

. stand.. 

(iiiX Field Work. 

(if) Size and shape of area to be enumerated. 

(1) As large a proportion as possible of the whole, area in question should b< 
enumerated. 

# v " : The whole area should usually be covered in the caae of aale or exchange of foreet land. T h< 
Whole of a P. B. I. area should be enumerated for control cf yield by volume fiom unifon 
*■ system regeneration fellings. 

P 



whole area cannot he enumerated, at least 10 per cent, should he 
covered in jstrips or plots so distributed as to be acceptable as a sample of the stand- 
ing volume on the forest as whole. 

When yield is Regulated by volume, it is desirable that the prescribed yield should be based 
on an acceptable estimate of the volume of the whole forest ; and not only a part of it (e.g. f the 
regeneration area only). 

(3) Strips are preferable to plots, and should follow lines laid out on a map 
evenly distributed over the whole area. 

Stripe a chain wide are most convenient, and parallel strips 10 chains from centre to centre 
will give a 10 per cent, enumeration. 

(4) Plots can be of any convenient shape and size, but they should be numerous 
and distributed either absolutely at random over the whole area, or in such a way 
that distinguishable types are represented by areas proportional to their whole 
extent. 



Squares 1 acre in aroa aro most convenient (Side, 206J feet). If a compartment or other 
area unit is divided into one acre squares numbered serially, and every 10th square is taken, it 
will be found that they are often too systematically arranged. 

More time is taken laying out squares than lines. 

(5) When full enumerations are made, the area should be divided into enumera- 
tion units of moderate size to facilitate check and control ; record should be kept 
separately for each control unit, which should not exceed a compartment where com- 
partments exist. An ideal unit is one which can be finished in one day. 

Natural features and permanent paths, etc., should be used to divide large areas into smaller 
enumeration units. The record for each line or plot should similarly bo kept separate. 

(6) A map showing all enumeration units should invariably accompany the 
figures. 

Enumerations for whatever purpose made should always bo copied on to the compartment 
history where such exists. 

(B) Trees to be enumerated. 

(7) In each case, a minimum size limit should be determined down to which 
enumeration will extend. 

It should be remembered that in a normal forest, the relationship between the numbors of 
successive diameter classes from 20"-24* downwards closely approximates the summation series, 
(1) 2, 3, 5, 8, 13. ...... .so that every additional class inoluded brings in as many more trees 

as the last two together. The work involved is not, however, directly proportional to the 
number of trees particularly in open crops, and the lower diameter limit should always be put 
as low as practicable. 

(8) Trees which are obviously worthless should not be enumerated. Dead 
and dying trees should be separately recorded. 

(9) Trees which fork below 4' 6* should be counted as two trees. 

(10) Important species should be kept separate, but species of minor importance 
ocbiurrihg relatively infrequently need not be distinguished. 

.» Ex. -26. In £ .instance, considerable confusion arose because the closely re- 
lated species Adina cordifolia and Mitragyna parviflora were enu- 
merated together as the timber of the latter had been reported as suitable 
"for the sontt^purposes as that of the former ; purchasers refused 
4&aqaept the M||f«qjyne and the supplies contracted for could not 
keconfyletedfro&flte Adina available, ' 

1 .V , • ;i . • - '/jt 



'■ ({?) Classes to be distinguished. 

(11) Classes to be distinguished should depend upon the object of enumera- 
tion. 

(12) The bustomary classes are 1' girth or 4* diameter. 

Girth classes of 1' 6' and even 0' have been used as the result of successive halving of the 
common commercially desirable 8* : there is little to recommend this. Diameter classes less 
than 4' are sometimes required, particularly for trees not usually reaching large size, and for 
those in which utilisation is close, e.g., Sandal, Bruguiera. 

(13) Unless reasons exist to the contrary, standard diameter classes of 4", 2* 
or 1* should be used. 


(D) Rules for callipering. 

(14) Before and during work, callipers should be cheeked to see that they are 
in proper adjustment. 

(15) Trees should be callipered at 4' 6' above ground level ; in the case of irregu- 
larity of stem at 4' 6", the point of measurement may be shifted a little up or down 
(of. General Rules 1-7, p. 9). 

Care should be taken that the point of measurement does not appreciably vary from 4' 0 # 
above ground level. For accurate work, a 4J' stick should lie used., 

(16) On sloping ground, callipering should be done from the uphill side. 

(17) Before callipering, moss and loose bark should be removed. 

(18) Callipers should be placed at right angles to the axis of the tree. 

(19) Callipers should be read when still in position against the tree. 

Before being reoordod eaoh call should be repeated by the recorder. 

(20) In forests with large heavily buttressed trees, strict application of several 
of the above rules becomes impossible. They must be modified to a varying extent 
under such conditions, but it should never be forgotten to record with the figures 
exactly how the measurements have been taken. 

(21) The bark of each tree should be marked with a scribe immediately it is 
callipered, to, obviate any chance of measuring the same tree twice. 

In the case of hard barked trees such as sal t whitewash is used. Home workers have tried 
using a distinguishing mark for different diameters or girth classes to facilitate check {5, p. 15). 
It is doubtful if the gain compensates the extra time taken. For illiterate labour, diameter 
classes may be distinguished by colour ( 4 , p. 89). 


(E) Field Organisation . 


(a) Organisation of parties. — Each enumeration part y should consist of one re- 
corder and two or three callipermen. A couple of linesmen are also necessary at 
least in the plains. 

In most oases, a man carrying drinking water will have to be provided. 

If the forest is dense and bnt little opened up by roads, etc., it may be necessary to arrange 
for clearing base lines and guide lines ahead of the enumerators, and mapping'ttiay be done ai 
the same tone. % 


(6) Organisation of work. — Callipering should proceed in strips. On sloping 
ground, the strips should follow contours, but not for too long a distance ; the 
ravines form the best stops. The recorder should follow the caUipeiman closely, 
and besides recording the diameters called out by the latter, should see ; that 
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callipering is correctly done as regards point of measurement, position of callipers; 
etc. The width of tlic strip should he such that the m order can always see 
completely across it. 

(i o ) Additional measure ments . — The advisability of men Miring the height of re- 
presentative trees of each diameter class evenly distributed over the; area, should 
always be considered. These heights give valuable information as to quality of 
locality if age is known or if the trees are mature, and permit the derivation of local 
volume tables when general volume tables are available. 

((/) Field Forms. -A convenient, form should be used for the record of enumera- 
tions. It is often useful if space is provided in this form for recording the area of 
the enumeration unit, and the date. This will supply data for standardising the 
output of work under different conditions. 

(e) Iiate of work — This will vary greatly w ith local conditions, type of forest, 
enumeration limits, etc. The range for a party usually lies between — 0 and 40 
acres (5, p. 115). 1500 to <>00 tiees can be enumerated in a day, the figure going 

up to 1000 under very favourable conditions. 

(F) Check. 

(22) Enumerations should be c hecked over not less than 10 per cent, of the 
area. 

(23) The discrepancy between the check and original enumerations should not 
exceed 3 per cent, in total number of steins, and f> per cent, in any 4" diameter or 1' 
girth class. 
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Tree Increment Plots. 

(i) Objects. 

Tree increment data are required for the following purposes. 

1. Determination of the average time required for typical trees growing under 
given average conditions to pass through each recognised diameter class: This 
information is used for determination of rotation and yield. 

2. Comparison of increment of trees of different age, diameter and crown class 
as a guide for suitable treatment. 

3. Comparison of the effect of adverse or favourable influences on diameter 
increment witli the object of determining whether sufficient response is made to justi- 
fy expenditure involved in control or improvement operations. 

4. Collection of data for determination of crop increment in irregular forest by 
what may be termed synthetic methods. 

Chapters VII, VIII ami IX tloseribc other methods of determining the diameter increment 

of h ingle trees, viz., {Stump Analysis, Stem Analysis and Increment Borings. Of these, the first 

two involve the death of the tree and so are not applicable when cont inued observation is needed, 

though they may be valuable at the end of an investigation. 

As compared with increment borings, the tree increment plot has the following 
advantages :■■■- 

1. Field work is decidedly more simple. 

2. Field data are more reliable. 

3. Check can be made simply and rapidly at any time. 

4. Compilation of field data is simpler. 

5. Increment is recorded only for a period during which the trees have been 

under observation, so that any abnormalities in conditions are known. 

Viewed in relation to Crop Increment Sam phi plots, which of course supply 
the same information (and more) the Tree Increment Plot procedure given here is 
applicable to : — 

1. Unoven-aged crops. 

2. Irregularly stocked forest (even or Uneven-aged). 

3. Mixed forest. 

4. Isolated trees. 

5. The study of the effect of factors affecting adjoining trees differently, e.g, 9 

defoliation. 

6. Cases in which data from more trees of a given crown or size class are 

required than would be available in ordinary sample plots. 
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(ii) Field Equipment. 



Linen measuring tape. 
Steel measuring tape . 
Tree scribe 

Abney’s level with 
stand . 

Plane table with 
. alidade 
Khukris . . 

Axes 

Experimental Plot 
Forms 1, 3 and 5 . 
Sample Plot Form 3 . 


2 

2 

1 

1 

1 


1 

1 

2 



All metal (Fromme type), 34' and 24V 
100 ft. 

12 ft. 


If required for height measurement. 
If required for mapping. 


As required. 


(iii) Field work. 

(A) General Rules for Measurement of Trees. 

The general rules given in Chapter II for measurement of breast height, diametei 
and height should be followed. 


(B) Special Rides for Measurement of Tree Increment Plots. 

(a) Selection of Plots. 

(1) Plots should be selected to cover adequately the whole range of quality, 
type, and geographical distribution to be studied. 

(2) Plots should be selected with stocking typical of the forests to which the 
iesults obtained are to be applied, both as regards uniformity and density. 


(b) Selection of Trees. 

( 3 > A11 the tre t eB , in tbe P lot t0 be kept under observation should be classified 
in accordance with the object in view into crown classes, wide age classes, defolia- 
tion classes, etc. 

(4) All the trees in the plot need not necessarily be kept under detailed observa- 
tion, but only those which are suitable for the object in view. 


In most cases, however, it is preferable at least to number all 
to avoid it gourapl possible confusion later. 


trees of the species under study 


Ex. 27. For normal increment in uneven-aged forest, it is a matter for con- 
sideration whether only trees likely to reach rotation age or exploita * 
*ton .nie smM be taken , or a sample of all trees found. What 
& tended op tb* $aint m each case must be clearly recorded, or non. 
oopipaMbU data dre liable to be combined later. 



(5) In mdat cases, it is desirable that each class recognised should be represented 
by approximately equal numbers, so that results obtained for each, being based 
on an equal number of observations, are comparable in accuracy. 


Ex. 28. If 5 degrees of dejoliation are distinguished : nil, light, moderate, heavy, 
and complete, it is desirable to have in each class about 1/5 of the 
total number of trees under observation. 


For increment under conditions typical of uneven-aged forest, data fiom 
a single plot are of little value, and all suitable trees should be measured irres- 
pective of relative numbers in each crown or diameter class. 


(c) Shape of Plots. 

(6) Plots may be polygonal or linear in shape ; the former should ordinarily 
be delimited by simple rectilinear boundaries without pronounced re-entrgpt 
angles. Linear plots are conveniently one chain or half a chain wide and.'qj. any 
desired length. 

(7) A map shewing the outline of the plot and the position of the trees is helpful, 

and should be prepared when practicable (Plot Chart, Experimental Plot Form 
No. 5). For linear plots, a field book maintained as for a chain survey serves the 
same purpose. . 

Roads, paths and natural boundaries are less objectionable than they arc for sample plots, 
and convenient curvilinear boundaries arc also acceptable as exact area is usually not in question.. 


(d) Size of Plots. 

(8) Plots may be of any size necessary to include the trees to be kept under 
observation. Polygonal plots rarely exceed one acre. Linear plots are usually 
of considerable aggregate area, but records are kept separate for each chain length. 

(9) 25 trees should be taken as an absolute minimum in any one plot, and a 
larger number is desirable. 

This rule has it in view to avoid waste of time in visiting a plot for very few measurements. 

(10) The sides of a polygonal plot, and the necessary number of diagonals to 
divide it completely into triangular portions, should be measured by tape to the 
nearest whole foot. The slope of each line exceeding 10° should uIbo be recorded. 
The measurements should be recorded on a diagrammatic sketch map inset on the 
Situation Map, Experimental Plot Form No. 1. 

Although a knowledge of the area of the plot ie usually not essential, It le useful aa providing 
the basis for comparison of density of stocking as between plots. 

(e) Demarcation. 

(11) The comers of a polygonal plot should be marked by means of durable 
wooden posts serially numbered ; where suitable posts are not available, masonry 
pillars or cairns should he erected. 

(12) Where one post is not visible from the next and the line between them is 
not perfectly clear, intermediate posts should be erected. 

It is not necessary to dig trenches ftom post to po?t. 
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(13) The centre line of a linear plot should be cleared as a path and durable 
pig» driven in at eaoh chain : the outer edges need not be demarcated. 

(14) The number of the plot or line should be indicated on a board or enamelled 
plate fixed in any convenient and conspicuous portion near the edge of the plot ; 
the year of laying out is a useful addition. 

(/) Numbering. 

(15) All trees to be measured should be cross marked in accordance with general 
Buies 1-7, p. 9, and serially numbered. 

It is often preferable to number all the trees in the plot ; cf. note under Rule 4 
above. 

(16) The numbers should be on the same side of the tree as the cross mark, and 
are conveniently painted above a line 6* above the breast height point. 

(17) The outer dead bark may be carefully trimmed off with a sharp instru- 
ment to give a smooth surface for painting, but great care should be taken that 
no living tissues are injured or exposed. 

(18) On hilly ground, numbering should start from above and should proceed 
stripwise along contour lines ; on level ground, numbering should run in strips parallel 
to one side of the plot. In linear plots the numbers should run continuously down 
the line, but rigidity in this respect should be subordinated to convenience. 

(19) Where the painted numbers are liable to become indistinct through weather- 
ing beforothey can be renewed, the number should be stamped on a zinc plate to be 
hung on the nail inserted 12* above the cross mark in such cases. 

(g) Records. 

(20) The following standard forms should be used for the records : — 

Experimental Plot Form 1 Situation Map. 

„ „ „ 3 Description. 

„ „ „ 4 Subsequent History. 

„ „ „ 5 Plot Chart. 

Sample Plot Form 3 Diameter measurements. (Includes notes on 

crown classes or conditions.) 

Experimental Plot Form 4 should be used -when more convenient than Sample Plot 
Form 3, as it may be when such factors as defoliation have to be frequently recorded 
without re -measurement of diameters. 

(21) Tree Increment Plots should be numbered exactly like Sample Plots (cf. 
p. 117), having their own series of numbers from unity for each division. 

(22) The following points should be observed in filling in the description of the 
plot in Experimentat'Plot Form 3. 

1. No entry should be left blank. 

2. Great precision is not necessary for the area of the plot, but at least an approximation 

should be recorded (Entry 4). 

3. , Situation as regard^the4prest block and compartment, the Rest House or customary camp 
. ArotwWhioh the plot is inspected, and the road or path by which it is approached, should 

\ be noted (Entry 5). 
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5. Under Initial condition, of overwood [Entry 12 (aJlahould be recorded notes on the density 

and uniformity b£ sbooking, appearance as regards quality of boles, general healthiness, 
etc. 

6. Whether the plot is much grazed, fire damaged, etc., should also be noted (Entry 16). 

7. Description of the undergrowth should be adequate without becoming profuse. Standard 

abbreviations (0, p. 92) for frequency should be used, w:., m^vcry abundant, /«* 
frequent,' o=» occasional, r— rare, it. very rare. A prefix l may bo used to iiiilicate 
that the frequency is local only, but this will rarely be required in these plots. The 
relative abundance of grass and herbage should be mentioned as well as the shrubs 
(Entry 126 and c). 


(iv) Computations. 

(1) For each set of data, periodic diameter increment and the average diameter 
should be computed for the mean tree of each diameter class ~ initial diameter 
should be used — end the former values curved over the latter. 

Instead of current increment, current annual increment per cent may be used if more con- 
venient for the problem in hand. 

A comparison of the smoothed increment curves or corresponding points will bring out the 
influence of the different factors under examination, and therefore in such eases nothing further 
is required beyond the drawing of the curves. 

(2) To determine the average time required by trees to pass through different 
diameter classes and hence the rotation, the increment curves should be trans- 
formed into growth curves based on age. The necessary steps are - 

Step 1 . — Starting with the lowest diameter plotted on the increment curve, 
its increment during the period is read off directly ; this is added to 
the original diameter to obtain the diameter attained at the end 
of the period. Increment against this diameter is read off again, and 
similarly added ; the process is continued for the whole range of 
values available from the increment curves. Example 33, p. 99, 
illustrates the method employed. 

Step 2 . — The diameter values obtained above are plotted against a succes- 
sion of points equidistant along the horizontal axis, representing 
the inteiVals of time corresponding to the numb r of years in the 
period. 

Step 3 . — The time axis of the curve is corrected to read age by shifting the 
zero point to the left by the necessary number of units equivalent 
to age to reach the lowest plotted diameter at breast height. This is 
estimated on any data available. 

(3) Crop increment may be determined on the basis of tree increment curves 
drawn as above, in conjunction with the results of stand and mortality tables. 

(а) An adequate number of trees of all diameter classes must be included 

in the plots and measured for this purpose. 

(б) In the case of linear plots, a stand table is directly derived from enu- 

merations. In the case of polygonal plots, a composite stand table 
can only be derived by totalling by diameter classes all trees in . 
different plots if the plots have originally been selected with this 
object, 
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(c) A mortality table is derived from the records of mortality at successive 
measurements, j 

(d},ln -the case of the irregular forests to which this procedure will usually* 
' , be applied, dead trees represent a loss which may wholly or partially 
"offset the increment added. In deriving increment in such cases, 
only the number of trees surviving at the end of . the petfod should be 
considered for computation. ■ •/' ■ 

(e) To determine basal area or volume increment, suitable. baj&l area or 
volume tables, if available, should be used. * ■ / " 
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CHAPTER VJL 
Stamp Analysis. 

(i) OBJECTS. 

1. To deternpme.the progress of diameter increment on the average stump 

throughout the life pf the trees analysed, or over any desired period. - * 

■ if: - • . 

Usually the results obtained require correction to equivalent rateB at breast 
height before they are suitable for application. 

2. TV, Correlate rate of diameter increment with the action of external influences 
affecting #U the trees. 

Ex. 29. The influences may be such as annual burning or weeding, drainage, 
the density of the crop, treatment applied, and so on. A special 
case is variation in water table. 

3. To correlate rate of diameter increment with the action of external influences 
differing from tree to tree. 

Ex. 30. Effect of defoliation by insects, of fungus attack, pruning or resin 
tapping, all liable to affect each tree to a different extent, some of the 
, factors being controllable and others not. 

4. As compared with ihe other method* for collecting these data, stump analysis 
has the following -advantages : — 

(1) Data can be collected from the stumps of any felled trees as long as the 

wood remains sound. 

(2) Data can be collected at any time and with a minimum of manual labour. 

(3) Usually thqdata can bte multiplied to any desired extent with no objec- 

tion other than the time taken in measuring. 

(4) The field work is simple and easily learnt. 

(5) Each tree provides data for the whole period of its life. 

The method is accordingly particularly applicable to the following investiga- 
tion*:-^ , * „ 

(1) Rapid collection of diameter increment data in current or recently worked 

coupes. 

(2) Investigations in which special reasons exist rendering it advisable to 

have a large number of data, particularly if they are required from all 
parte of an extensive forest area. 

(3) investigations in 'areas in which there are objections to the wastage 

timber invdlved in special fellings for collection of data, or in 
cutting st ems at other than the lowest possible level. This will often 
happen where exceptionally large trees are in question. 




Tapes (Linen) 
Foot-rules 


Pocket lens 
Abney’s level 
Sharp axe 
Sharp adze 
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te type), marked 


2 ^| met 

in iii(ifi<p iitEig 

1 . 100' ■ : V-?T ; ■■■&' 

2 One-foot and'tjso-foot, .uiarked in inches and 

tenths or twentieths. r 


*1 

1 

1 

1 


A chisel and mallet may be used instead, but 
are less satisfactory. 


Whetstone . . 1 

Stump Analysis Forms 1,2,3 As required. 

Soft pencils . . 2 or more. 


(iii) Field work. 

(A) Selection of trees. 

(1) Ascertain by height, measurements of typical mature trees, by ocular inspec- 
tion or by any other means, whether a significant range of quality class or forest 
type exists in the area to which the data to be collected will be applied. 

(2) It is preferable to deal with each forest type or quality separately, care being; 
taken to cover the whole important range concerned. If it is necessary to deal 
with all together, each variety must be represented by a number of trees, propor- 
tional to the total acreage or growing stock of that variety. Locality quality* 

■*^or type) and crown class should be recorded whenever possible. The stumps 
should be well d stributed over the f rests concerned, and not collected in one re- 
stricted area. 

(3) Unless impossible, trees should be selected for stump analysis before they 
are felled. 

(4) Trees selected for analysis should be of typical shape and development. 
What is to be considered typical should be determined with special reference to the 
growth conditions for which data are required. The common tendency to select 
trees above the average quality should be guarded against. 

(5) The trees should be of rotation size and over. Suppressed or markedly 
* dominated trees -should not be analysed but, carfe should be taken that an undue 

proportion of free-standing trees is not included. 

(6) Abnormal trees or trees with any kind of malformation should not be selected, 
but minor defects such as a little heart rot or fire scarring at the base not greatly 
affecting the shape of the stump or the course of the rings, need not be taken into 
a$ooimt. It is impossible to analyse badly fluted stumps satisfaQfcjiily. For cases 
jtt! wkich hollowness at the centre of the stump is general, and Sbund stumps are 

; . -1; l+j : L^sfeL- — — — — — . — — — — — 

V * Thh v class wiUjifotaUy invoke the measurement of height of 10-20 dominant 

mature ft itanpiog^tiees dflyimbuted pver the area* 







difficult to find or are open to ofeiection^w xiot typical, a special procedure is dea- 
cribed in Section <F) below, p. 53. . . y „ ' 

It i8 a common practice to pay a minimum of attention to tho selection of st uiqpg oriftro to be 
analysed, as regards type and distribution • r J'his has not rarely been intentions* on the grounds 
that a random sample is required, but it bats not been realised that it is precisely on t hi* ammnl 
that the <J^t* collected can rarely stand critical scrutiny-^tlic sample wjy rarely indeed even 
approaches a random one unless a very largo number oistumps is measured up. The extra 
time and trouble involved in selecting the requiretfjlypc of tree and having ibeiu Kbit ably dis- 
tributed will always be recouped by tbo significantly greater reliance which can lc placed on the 
resultant data. 

■v . , Stump height . 

(7) Stumps must t>e trimmed so that the surface is horizontal. See Pl^telV. 

(8) Stump height fptfthe addition of an allow ance for age to grow to that height 

should be measured vertically from the ground level on the yp-hill side to the level 
of the cut pith of the stump. : 

(9) Stump height should always be kept as low as practicable, and in any case 

the range in height should be restricted. ;.J-' 

On rare occasions, it is possible to make stump height, coincide with breast lifignt, thereby 
saving labour in collecting taper data, and avoiding any possible inaccuracy involved in theii 
application. The section being also usually more symmetrical, counting and measuring it) mors 
quickly cITected. 

When height growth is sufficiently rapid for the seedling to page through the 
whole range of usual stump height in one or two years, Sections (B) and (C) become 
superfluous. This may he so with teak. 

- ■' . . (C) Age to slump height (Form 2). 

(id) -A iftimber (fifty or mote) of free-growing seedlings in the same locality, 
and with a height^ange the same as thfttof stumps to be analysed, should be selected 
and cut as olose to : thc ground as possible, . preferably not more than one inch above 
it. Their ages should be determined by counting rings, or branch whorls, or by any 
other method which can be satisfactorily applied for the purpose to the species 
concerned, -tjie ditta being recorded on Form 2. With low stumps, differentiation 
by types or ^ualiit^ chtsses will not be necessary. 

(11) Thb -selected seedlings should be well distributed over the area just as 
prescribed for the stumps themselves under Rule 2. 

In tho case of scarcity of suitable seedlings, or uncertainty as to whether such as exist can 
give the required information as to the time the tree* stump-analysed took to reach the recorded 
stump height*. larger sapjings may bo utilised instead. Their age is determined at ground level 
and at different height*, «ay tSrery 6* through the range of si limp height s. The nuniber of years 
to re*$h lMfiediaighta>l8<then obtained by subtraction (cf. Stem Analysis p. 74.) 


(D) Taper measurements (Form 3). 

(12) On 100 or more marked standing trees of all sizes in a coupe to be felled, 
diameters at right angles to each other should be measured 

(a) Under bark at heights of 6", 18" and 30" above ground level. 

It is of' course not necessary to girdle tho tree at these levels. The bark can' he caw- 
fully adzed off at 4 points to permit the calliper aims to come into contact with the 
exposed eajnbial surface. This procedure would also be followed in th^. absence, of tiers 
marked fot falling. 
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r>i (6) 6ver bark at 4' 6" above ground level (d. b. h.; see General Rules 1 to 7, 
} p. 9). Any abnormality at4' 6* should be dealt with as prescribed 

lor steadaW^sree-m^aeurements. 

(13) The trees meaui^d ‘should be selected in the same way as the stumps 
themselves, as prescribed Under Rules 4-6 above. 

(E) Ring counts and radial measuretHents (Form 1). 

(14) On each stump, two diameters under bark should be callipered at right 
angle). On badly, ftnted Stumps a second pair of diameters should be callipered 
between the first. 

The custonuuy practice hitherto has been to take the longest diameter and that at right angles 
to it. There are serious objections to this, of which the chief are that with the low cutting now 
fortunately fairly general, the stumps are usually widely fluted and the longest diameter is 
abnormal; and that it is impossible to collect taper data any other way than by callipering 
(girthing by tape comes to the same thing). 

(15) Four radii should be selected for counting such that : — 

(a) Growth is typical for the stump. 

_ (6) They are spaced as widely apart as possible. For regularly shaped stumps, 
, 1 ' ' they should be at right angles or very nearly so. 

(c) They are not appreciably longer than the average radius — unless balanced 
' l a correspondingly short radius as will usually happen when 2 

radii together forming a diameter are used. 

' (16) In fairly symmetrical trees, such as most conifers, and in other cases when 
four suitable radii are not available, two radii (conveniently totalling the mean 
diameter) approximating closely to the average radius and well apart, will give 
results of sufficient accuracy. See Plate IV. 

' . '. J : &se' ef. average radius. It might be thought that considerable labour would be saved 
by 'calculating the average radius for the stump, locating one or more radii equal to it on the 
Stump, and counting and measuring them only. This method will give results of acceptable 
v • accuracy for regularly grown stumps of even outline such as obtained with most conifers cut 
; with fairiy hlgh stumps. As, however, most stump analysis has to he done on fluted irregular 
'■ shaped stumps cut low, the necessary conditions art; not fulfilled, and measurement of a larger 
■%> number of widely spaced radii becomes essential. 

(17) On each radius so marked, rings should be counted in decades from the pith 
outwards. A pin should be inserted on completing each decade, leaving the incom- 
plete decade on the outer edge of the stump. This number must agree on all radii, 
diserep£ncieii being checked and corrected. 

Number -of rings for units of length . — It is possible to niake out a case for working 
, with, tjm number of rings in each half inch of radius instead of with the length occupied by 10 
‘ • rings. The arguments particularly apply to irregular crops where diameter is used as basis for 
all other measurements and calculations. It has been agreed, however, that whatever inac- 
curacy- may be introduced is outweighed by the convenience of following a standard pro* 
cedure in all cases. (7, m. 183). 

The use of pirns* '&pMHbed will be found ranch more convenient, quicker, and mors accurate 
than pencil marks. , > 

’ (18) Radii should Se measured from the pith outwards to each pin. Each 
Measurement should betaken to the nearest *65 inch. 

-' 'ErzOtia whjt bdf'Inl'^od'iicftd' it4he s|ump surface is not plane and horizontal, 
v And if th#'p^A';l^A,os' inserted vejfljfoaJly and in contact with the scale. : 



(F) Field work for frdUnif stimps. 

It is not at all unusual for .the stumps which are't-o bo, analysed to have slight 
rot at the centre, at least sufficient to preventing ppunts ip,to the centre ; teak 
is a case in point. The procedure should then be Modified as follows. 

(19) The maximum diameter c of the hollow or- unsound core for which se- 
parate data are necessary, should be deteridnied by inspection of a number of stumps. 
It should always be taken as. small as, possible. 

(20) On the hollow stumps, four suitable radii should be selected, and lines ruled 
for counting and measurement normal to the rings (with-no necessity of meeting 
at a common central point). A complete annual ring should be so selected 41 as 
to have a callipered diameter approximately equal to the diameter c above. This 
ring should be marked out and its mean callipered diameter measured. It is then 
easy to take a ring one or two outwards or inwards as necessary to give a mean 
diameter equal to c. Analysis then follows, measuring from this ring as thongh 
it represented the pith. 

(21) A number of trees which are judged to be of the type that has produced 
those whose stumps are being analysed, should be selected, with diameter equal 
to or a little greater than the diameter c above. These should be felled with the same 
average stump height, and analysed as prescribed in the foregoing sections. The 
number should not be less than 25 stumps. 


(0) Record of field data. 

Ex. 31. A complete but simplified example is given on pp. 58—64 taken from data 
collected in 1929 for Cedrus Deodars, in a selection system working 
circle. As all the steps can be illustrated with ten stumps, only 
this number has been utilised. " 

(a) Stump Analysis Form 1.— In this form radial measurements for successive 
decades should be recorded in the appropriate columns, marked 10, 20, 30, at the 
top. Measurements corresponding to the outermost incomplete decade should 
not be made or recorded. If only two radii are measured and their sum does not 
equal the average diameter, the outermost measurement should be made and en- 
tered in brackets in the column for the next higher decade. 

This has not been done in Ex. 31 aa no apace ia available owing to the fact that only trees with 
100 rings have been utilised here. 

Form 1 is so spaced as to take conveniently four radii for each stump, but will 
obviously serve equally well if only two are taken, together equalto a dia- 
meter. * 

A separate form should be used for each locality quality. 


* A simple device for this consists of two thin strips of wood or ipejai heid together by a central 
pin ao that tfiey can lie one on the other of be opened eat at right angles. Each strip is graduated In 
inch#aat)d tenths from the pin outwards. 
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(b) Stem Analysis Form 2 . — This is for the record of age and height measurements 
of seedlings for the determination of the age to stump height, of. Section (C) above. 

(c) Stem Analysis Form 3 . — This is for collection of taper data, ef. Section (D) 
above. 


(//) Additional measurements recommended. 

When trees have to be felled for stump analysis, the opportunity should not be 
missed of taking as many as possible of the following useful measurements. 

1. Standard timber column measurements.— Ur at least diameter under bark at 
8 ; ' diameter limit over bark and the length (including stump) to this point. 

2. Commercial timber volume measurements.- (Diameter under bark at the point 
up to which commercial utilisation will extend, the length excluding stump to this 
point, and mid-diameter under bark). 

3. Length of clear bole and length of crown. -(Length of stem to the first green 
branch and the lowest point with green branches all round.) 

1. Form. Quotient measurement . — (Diameter under bark at the point midway 
between breast height and tip.) 

5. Total height.— (Vov determination of Quality Class.) 


(iv) Computations. 

| See Example 31 on pages 58 to 64]. 

(A) Stwm/p diameter jShemp age Curve. 

(1) For each tree, the four radii for each decade should be added and the total 
divided by two. 

If two average radii, or two radii the sum of which equals the average diameter^ 
have been used, the division should obviously be omitted. (Tree 10 of Ex. 31.) 

If two radii together not equalling the average diameter have been used, 
or three radii or four radii not equalling twice the average diameter, the readings 
should be summed and the total adjusted proportionally to correspond to the 
average diameter. (This procedure is further explained below, as Section (E) 
and an alternative offered.) 

(2) The average diameters so obtained should be brought on to a new form, 
and totalled and averaged, giving an average diameter for each decade for all the trees 
analysed. See p. 61. 

(3) These average stump diameters arc then plotted against age and a smooth 
curve drawn through the points— Curve 1, following p. 64. 

(B) Correction from slump age to total age. 

(4) Comtm tion of the Stump age/Stump height Curvo. — The data collected in 
Form 2 (p. 63) from seedlings and saplings should be totalled and averaged on the 
form. The pointed* average ag* and average height in each height class should be 
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plotted and a smooth curve drawn. The curve must obviously start at the origin 
-Curve II. 

(5) Determination of age to average dump height . — Average stump height should 
be calculated by totalling and averaging Col. 2 of Form 1 (p. 01). The number 
of years required to reach this height should be read from Curve II- 4 years in the 
example given. 

Jt is often recommended that stump analysis data should l>e computed separately for two 
or more stump height classes. With the small range customary in India, the extra labour 
involved in this procedure is not justified. The error involved in using one stump height class 
ia systematic and of the order of 2 per cent, of Die final diameters. 

Nothing is gained by allowing for ago to stump height on eaeli tree separately, as could be 
done by counting in from the outermost ring beginning with the number equal to the estimated 
age. The method prescribed is both simpler and more convenient. 

(6) Adjustment of Stump diameter/Stump ago Curve to Total age . — The Age 
scale of Curve I is shifted to the left by a number of units equal to the number of 
years so determined for age to average stump height, i.e., by 4 iu the example. 


(C) Conversion of Stump diameters under hark to d. h. h. (over bark). 

• (7) The average stump diameter under bark for each height separately should 
be plotted against the corresponding average d. b. h., the data being directly avail- 
able from the bottom of Form 3, p. 04. This gives a set of curves— Curve 111 
— one for each height class, which .should he harmonised (see p. 0). 

(8) If the dispersion of these curves is appreciable, an additional curve, should 
be interpolated corresponding to the average stump height (see. Curve III). But 
if the curves lie very close to one another, the one which corresponds most nearly 
to the average stump height of the stumps analysed may be utilised for further 
computation. 

(9) The d. b. h. corresponding to any convenient stump diameters, say 4", (»*, 

8", 10" , should be read from the accepted average curve. See figures with 

Curve III. 

(10) The points on OurVfc 1.8, for the same scries of stump diameters should he 
shifted to the corresponding d. b. h. figures, and a curve drawn through the new 
set of points — Curve I.B. — the vertical scale then reading d. b. h. for this curve. 

(11) Curve I.-I3. for d. h. h.jlotal age should then be copied to avoid any possi- 
bility of confusion over the scale values, and final values of d. b. h. read off for each 
decade — these are given on Curve I. 


(D) Computation for Hollow Stumps. 

(12) The data for the small trees (Field Rule. 21) arc worked up exactly as pres- 
cribed above, resulting in a curve for stump diameter under bark over the stump 
age for a range of age from nil to the attainment of the diameter c. 

(13) Curve I is constructed in the same way for the measurements on the hollow 
trees (Field Rule 20), but will represent the relation between stump diameter 
(rnitius c Inches) and stump age (minus age to c inches). 
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(14) The small tree curve is then transferred as an extension of the hollow tree 
curve, both axes being thereby shifted for the latter. If the curves do not combine 
smoothly, the adjoining portions should be adjusted, such adjustment being effected 
as far as possible on the small tree curve. 

(15) The rest of the procedure is as usual. 


(E) Proportional Adjustment of radial measurements. 

(Vide Computation Rule 1 above.) 

When the sum of the radii along which measurements arc made is not equal 
to the average diameter or twice it, the measurements have to be corrected propor- 
tionally. 

(16) If only a fm trees are concerned, this should be done before they are included 
in the totals and averages. 

Ex. 31. Tree 9 on Form 1, p. 59, has been corrected in this way. 

Three methods are possible. 

Method /. — Each figure is multiplied by a factor equal to the average diameter 
over the sum of the radii read, by 11-7 1 7*0 =0-865 in Tree 9 of Ex. 31. 

This method is long and laborious. 

Method 11. - On squared paper, units arc marked off equally on two axes at right 
angles from zero to the .highest double radius concerned, and a point is plotted with 
co-ordinates equal to the. average diameter (//) and the sutn of the radii measured 
(*). This point is joined to the origin, giving a straight line from which the corrected 
values for all the double radii can be read. This is far quicker than (I), particularly 
for stumps of the higher ages. 

Method III. — Using the slide rule, the value of the average diameter (14-7 for 
Tree 9) on the moveable scale is set against the sum of the measured radii on the 
fixed scale (17-0), and the values corresponding to all the double radii can be read 
directly on the moveable scale by shifting the cursor to each in turn on the fixed 
scale. Occasionally a second setting may be required, depending on the actual values 
and the slide rule used. The values can be read almost, as fast as the figures can bo 
written down. See Plate IV. 

The use of the slide rule is very strongly recommended in this connection. 
Its cost is very reasonable ; its use is very easily mastered ; rapidity in manipulation 
is quickly acquired, and it saves a great deal of time. 

(17) If a considerable proportion of the trees analysed require such correction 
it is quicker to total the radial measurements for all trees as recorded, divide by 
the number of rad and multiply by two to get average diameter as measured. 
The calculated average radii arc dealt with in the same way at the same time, and 
the final average measured diameter figures for all trees are corrected in one opera- 
tion proportionately to the ratio : True average diameter/ Average diameter used. 
Provided the Jadli have been properly selected and the number of trees is not small, 
this procedure giyes all the accuracy required. 
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(F) Determination of the number of stumps required for analysis, and the accuracy 

of the average figures obtained. 

The method for determining the number of stumps required for analysis to give 
a selected degree of accuracy is described on p. 4. 

Tt requires to be stressed that the procedure described presupposes the 
fulfilment of the conditions set out under “ Selection of Trees.” It is clear 
that very consistent results might be obtained by the analysis of stumps in a 
small exceptionally uniform area, or from a number of stumps all of the same 
■ restricted type, but such results would not be of much use for wider applica- 
tion. 
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8tnmp Analysis Form No. 1. 

Radial Measurements. 

Species . — Cedrus Deodara. 

Quality. — III. Division. — Chakrata. 

Crown class. — la. Block and Compt . — Mundali 2. 


Stump 
Stump diameter 
height. . under 
. bark. 


Radius at successive decade marks, inches ~nd decimals. 



1 

1 

1 

0*70 

2*36 

6*36 

7*60 

j 

0*4 

1*2 

2*7 

3*8 


10*30 J 20*06 
10*6 


1 

i I 

3*00 

: 

2*0 







30*00 

18*3 

41*66 

20*8 

47*40 

23*7 

61*66 

26*8 

56*45 

27 *7 

6*16 

6*76 

0*36 

0*76 

7*15 

4*40 

4 06 

, 6*70 

0*40 

0*80 

4*20 

4*55 

4*85 

6*36 

5*76 

600 

6*36 

6*05 

0*60 

7*20 


7*06 j 11*46 j 13 00 16 06 10*76 






























Serial No 
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Stump Analysis Form No. 1. 

Radial Measurements. 


Species . — Cedrus Deodars. 

Quality. — III. Division. — Chakrata. 

Crown class. — la. Block and Compt . — Mundali 2. 



Noth. — Far tree 0, two radii not equal to the average diameter had to be selected and the measurements have been 
proportionately adjusted, rtds Computation Step 16, p. 66. For tree 10, two radii were used which tnfcu to the average 
diameter. In noth trees, the number of rings was exactly 100. 
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Stamp Analysis Form No. 1. 

Radial Measubements.* 


Species . — Cedrus Deodara. 

Quality. — III. Division. — Chakrata. 

Crown class. — la. Block and Compt . — Mundali 2. 



* For convenience, the tatne Form is used both tor record ot the field data and for compilation, and the heading fg 
corrected to refer to diameter' instead of radius. 
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Stump Analysis Form No. 2. 


Seedling Height. 


Sprdrs . — Cedrus Deodara. ' Division. — Chakrata. 

Quality of locality. — III. Block and Compt . — Mundali 2. 



* Sole* 0* or l' clitpsea to rover the range of stump heights. 
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Taper Data. 


Species . — Cedrus Deodara. 
Quality of locality . — III. 


Stump Analysis Form Ho, S. 

Division. — Chakrata. 

Block and Compt . — Mundali 2. 



3X It. H. CLASS S-r 

Stump diameter 
UNDER BARK. 

At (V At IS" At 30" 

■12-0”. 

D.b.h. 

over 

l)ark. 

IOC 

no 

91 

9*8 

10*4 

0*8 

9*0 

9*7 

8*0 

81 

7*6 

81 

8*8 

8*2 

7*7 

8*8 

y*i » 

8-0 

8*0 

8*0 

ii:j 

8*5 

8*0 

H-5 

9*8 

9*1 

8-4 

U-0 

0*7 

9*2 

8*0 

9*2 

30*9 

101 

9*2 

30-3 

10-7 

100 

. 

9*4 : 

| 

10 1 

120 

i 

11*8 ! 

! loo 

11*5 

] o.o 

11*4 

10*4 

ii-:> 

32*5 

J16 

i 

10*9 

11-9 

12-4 

i 

! li : 8 

• 11*2 

11*7 

i 

# I 





D.B.H CLASS J2-V 

STUMP DIAMETER 
UNDER 11AKK. 

D.b.h. 

over 

]). It. H. CLASS n 

STUMP DIAMETER 
UNDER DARK. 

•r-20'tr. 

1 D.b.h. 
i over 

At 0" 

At 18* 

At 30* 

bark. 

At 6* 

1 

At 18*. At 30* 

1 ! 

1 bark. 

i 

10*5 

15*0 

15*4 

1G-8 

20*4 

1 

i 

' 20*6 

38*1 

19*5 

17*1 

15*6 

15*3 

15-7 

21*4 

j 20*4 

18*6 

39*9 

131 

32*2 

11*5 

12*3 

17*2 

i 

1 

! 15*6 

351 

16*9 

13*0 

12* 3 

11*5 

12*1 

16*0 

i 16*3 

35*0 

16*7 

14-1 

12*9 

12*3 

13*1 

18*1 

17-3 

17*6 

18*1 

33*9 

18*1 

12*3 

.13*3 

10-4 

18*0 

17*0 

18*4 

liVO 

14*4 

J3*0 

14*7 

18*0 

16*5* 

15*5 

17*9 


H-5 

13*7 

14*5 

20*1 

18*2 

1(1*4 

1 

i 

i7*r> 

10*1 

15*2 

! 14*3 

15*4 

20*5 

19*2 

1 

18*2 

19*6 

i(i-« 

151 

14-4 

15*2 

24*9 1 

i9*7 ; 

19*4 | 

18*5 

10*9 

1 

15*8 

14*9 

16*0 

35*3 

14*8 

14*6 

17*5 

10*7 

35*6 

l'fs 

16*8 

18*3 

17 *4 : 

! 

1 

i | 

160 

16*0 

13*0 

14*1 

13*1 

14*1 

20*4 

19*4 ! 

19*3 

19*5 

14*8 

18 9 i 

i 

r.to 

14*0 

20*6 

10*8 

19*1 

20*2 


270*6 

: 

252*1 241*0 

_ i 


265*2 

19*3 

180 17*2 



18*2 


The data for the o-A* il.b.h. olaw are not bhown In the alxrvo table . 
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STUMP ANALYSIS CURVES. 
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{The. curves occupy pages 67—70.) 



STUMP ANALYSIS. 


Species - Cedrus Oeodara . 


Division— Chakrata . 



18 


16 


12 


10 


AGE IN YEARS 


Seedling height curve. Curve ll. 
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[ Stem Analysis. 


CHAPTER Vm. 

Stem Analysis. 

(i) Objects. 

1. To determine the average rate of diameter, height and volume increment 
throughout the life of the trees analysed. 

2. To correlate average rate of diameter, height and volume increment with 
the action of external influences such as defoliation or lopping. 

As compared with the other methods for collecting some or all of the same data, 
stem analysis has the following advantages 

(a) The data are collected from trees carefully selected while still standing 

as most suitable for the purpose in view, and so are most reliable. 

(b) The data collected are complete in all respects for the trees analysed, 

so that no data from other trees or tables are required. 

(o) The data collected arc more reliable than those obtained by any method 
based only on measurements on the lower part of the bole, since the 
measurements taken higher up serve as a check on the lower ones. 

(d) As the sections analysed can be cleaned and examined at leisure, more 

accurate counting and measurements are possible. 

(e) The height increment data provide a valuable cheek on those for diameter 

increment, for determining whether the trees analysed can be accept- 
ed as typical for the purpose in view. 

The method is particularly applicable to the following cases : — 

(a) Estimating volume increment in uneven-aged forest. 

(b) Following past height increment in sample plots. 


(ii) Field E 

(1) Research callipers. 

(2) Foot-rules. 


(3) Measuring tape. 

(4) Abney’s level. 

(5) Cross-cut saws. 

(6) Hand saw. 

(7) Saw set. 

(8) Sharpening file. 

(9) Tree scribe. 

(10) Sharp axes. 

(11) Sharp adze. 

(12) Fins. 

(13) Soft pencils. 

(14) Stem Analysis Forms 1, 


*M ENT. (For each party.) 

2 All metal, 34* and 24" (Fromme type) 
marked in inches and tenths. 

2 One-foot and two-foot, marked in inches 
and tenths or twentieths. A stem 
analysis rule may replace these. 

1 1(H) foot. 

1 

2 
1 
1 

2 * 

1 (Less satisfactory, one kliukri.) 

2 

1 (Less satisfactory, a chisel and a mallet.) 
100 On a pin cushion. 

2 or more. 

2 and 3 As required. 
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(iii) Field wokk. 

(1) Ascertain by height measurements of typical mature trees, by ocular in- 
spection or any other means, whether a significant range of quality class or forest 
type exists in the area to which the data to be collected will be applied. 

(2) It is preferable to deal with each forest type or quality separately, care 
being taken to cover the whole important range concerned. If it is necessary to 
deal with all together, each variety must be represented by a number of trees pro- 
portional to the total acreage or growing stock of that variety. Locality quality * 
(or type) and crown class should be recorded whenever possible. ; the stems should 
be well distributed over the forests concerned, not collected in one restricted area. 

(3) Trees selected for analysis should be of typical shape and development. 
What is to be considered typical should be determined with special reference to 
the growth conditions for which data are required. The common tendency to select 
trees above the average quality should be guarded against. 

(4) The trees should be of rotation size and over. Suppressed or markedly 
dominated trees should not be analysed, but care should be taken that an undue 
proportion of free standing trees is not included. 

(5) Abnormal trees or trees with any kind of malformation should not be selected, 
but minor defects such as a little heart rot or lire scarring at the base not greatly 
affecting the shape of the stump or the course of the rings, need not be taken into 
account. 


(B) Breast Height. 

(6) I). b. h. should be measured at 4' 6" above ground level on the uphill-side 
in the standard way, before, felling. 

(7) A horizontal mark should be made at this level all round the bole. 


(C) Stem Sections and Total Height. 

(8) The felled tree should be considered as divided up into sections from the base 
(including the stump), the lowest section being 9' long so that breast height corres- 
ponds to its mid- point, and the following ones as far as possible (see. Rule 10 below) 
all ten feet except the uppermost. The odd length at the top should be treated as 
a separate sect' on if it exceeds 5', but included in the previous section if 5' or less. 

(9) The mid-points of the sections arc marked on the tree at (4|', 14', 24' ... ). 
The mean diameter over bark is callipered at each mark ; a ring of bark is then 
peeled off, and the under-bark diameters callipered. These measurements arc 
recorded on Form 1, p. 79. 

(10) If the mid-points of sections fall on points unsuitable for ring counting on 
account of knots, rot or breakage, they may be shifted up or down for a distance 
not exceeding one foofc^he sections being treated as though they were actually at 
the mid-point. If this range does not suffice, the length of the sections affected 
must be altered to avoid the difficult portion, and the mid-points marked accordingly. 

* Tbc af^eipment of reality clast* will usually involve the measurement nf height of 10 — 20 
mature trees on Celled or standing trees distributed over the area. 
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(11) A transverse sectional di8o, 2*-3' f thick, is sawn at each mark (or actual ring 
counting and measurement. When practicable, however, a single cut may be made 
at each mark, and the measurements taken on the cut ends of the logs. 

With very roflinons spocioa, it ahcmlcl In* remembered that, imieh resin will be exuded on Mu' 
surface cut first, rendering reading and measurement troublesome, so that it is advisable to 
out last the surface it i» intendod to read. A further advantage is that particularly with minkiU- 
cd labour, t.he first cut tends to Ins oblique, and it is a simple matter to gel the. second cut made 
truly perpendicular to this axis. 

(12) The length of the successive sections, the height above ground of their 
mid-points, and the total height are recorded on Form 1 as shown on p. 79. 


(D) Determination of Average. Radius. 

(13) For each section, the two under-bark callipered diameters at right angles 
are totalled and averaged, giving average diameter, and this figure is halved to 
give average radius. 

If diameters are eallijK'red oti the disc, after removal, whether over-or under- bark, different 
figures will often Ins obtained from those measured on the felled tree. Kach set of measurements 
is subject to certain errors, but the procedure prescribed is t he more acceptable. If some 
measurements arc taken one wav and some the other, serious discrepaiKues will bo introduced. 


(E) Location of Average Radii. 

(14) Two average radii angularly as far apart as possible should lie located 
on each section measuring from the pith to the circumference with the help of the 
analysis rule or ordinary scale. 

( 15) If either of these radii is unsuitable from any cause, any other radius se- 
lected as normally developed may be substituted. Labour in calculation is then 
saved if the sum of the two radii used equals twice the average radius, otherwise 
the measurements must lx; subsequently adjusted proportionally. Sec Computa- 
tion Step 3 and p. 56. 

(16) The selected radii should be ruled on the section with a soft pencil. 


(F) Ring Counting and Measuring. 

(17) If the annual rings are clear and well spaced, it is only necessary to arize 
or plane a strip along the selected radii : if they are at all difficult, most, or all of 
the surface of the section must be cleaned. Moistening with water often brings 
out the rings more clearly. See Plate IV. 

(18) Rings should first be counted oil the section at 4' 6". Counting should 
be done by decades from, the. 'pith outwards along the lines marked. A pin should 
be inserted on completing each decade, leaving the incomplete decade at the cir- 
cumference, and it- should be checked that there is the same number of rings on each 
radius. 
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(19) On each of the remaining sections, a' number of rings corresponding to the 
outermost incomplete decade on the 4' 6* section should be marked off first, count- 
ing from the cambium. This is 6 rings for Ex. 32. 

(20) The remaining rings should be marked off in decades counting inwards, 
and the total number noted (Form 1, Col. 4, p. 79). 

(21) lladii should be measured to each pin beginning with the outermost. These 
measurements should be taken to the nearest '05 inch. 

((.}) j Bark Thickness. 

(22) The difference between the over-bark diameter and the under-bark diame- 
ter measured before cutting the sections is twice the bark thickness. 


(II) Additional M easurements. 

(23) The following additional measurements can usefully be taken and re- 
corded : — 

(а) The length of the stem including stump, to the point at which the dia- 

meter over bark is 8". (For standard timber volume of tree.) 

(б) The length of the stem to the first green branch and lowest point with 

green crown on all sides. (Clear bole and crown length.) 

((') The diameter over and under bark at the point mid-way between breast 
height and tip. (Form quotient measurement.) 

(d) The length of the stem up to a diameter limit of 2" diameter over bark. 

(Standard stem smallwood.) 

(e) The length excluding stump and defective butt to any point or points 

on the stem which may be. of importance from the point of view of uti- 
lisation of timber. (Commercial bole length.) 

(/) Under-bark diameters at the mid-points of convenient sections of this 
commercial bole, each section not exceeding 30'. (Commercial volume 
in the round.) 

(J) Age to Breast Height {Farm 2). 

(24) A number (50 or more) of free growing seedlings from 3' to 6' in height 
should be selected, and their ages determined by any method which can be satis- 
factorily applied for the purpose to the species concerned ; the data should be re- 
corded in Form 2, p. 84. 

(25) It is preferable to deal with each forest type or quality separately, care 
being taken to cover the whole important range concerned. If it is necessary to 
deal with all together, each variety must be represented by a number of trees pro- 
portional to the total acreage or growing stock of that variety. Locality quality 
(or type) and crowx^class should be recorded whenever possible, and the stems 
should be well distributed over the forests concerned, not collected in one 
restricted area. 

(26) If suitable seedlings are not available, the required data can be collected 
from small saplings of somewhat greater height by ling countings at ground level 
and at height* of 3|, 4J ami 5J feet. 
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(K) Record of Field Data . 

Ex. 32. A simplified example is given on p. 79 , taken from data collected in 
1929 for Picea Morinda. *As all the step# can be illustrated with 
five stems, only this number has been utilised . 

(а) Stem Analysis Form 1. 

(i) The radial measurements for the outermost full decade along the two selected 
radii on the lowest section (at 4£') are entered under the appropriate decade heading 
in the columns provided for them, heading 80 in Ex. 32, Tree 1. 

(ii) Successive radial measurements on this section arc then entered in con- 
tinuation across the form to the right. 

(iii) Measurements on the remaining sections are successively recorded in order, 
the first entry for each being made under the first entry for the first section, i.u., 
in the column headed 80 for tree No. 1 of Ex. 32, p. 79. 

(iv) Measurements against the outside incomplete decade should not be made 
or recorded unless the sum of the radii used is not equal to twice the average radius ; 
in this case they should be entered in brackets in the column for the next higher 
decade. 

(б) Form 2. 

This form provides for the collection of data for the age of seedlings up to breast 
height ; the same form as used for Stump Analysis, but the height classes adopted 
are ordinarily different — 3'-4', 4'-5', and 5'-G' are most suitable. See Example 
on p. 84. 


(iv) Computations. 

[ See Example 32 on pages 79 to 94.] 

(A) Calculations for each tree ( Form 1). 

(1) The number of years taken to grow from breast height to the heights of 
successive sections should be determined by subtracting the number of rings on the 
section from the number of rings at 4' 6". This number should be filled in in Col. 3. 

(2) The. diameters over bark and under bark at 4' 6" should be averaged, and 
double bark thickness at each section should be calculated by subtraction and en- 
tered in Col. 7. 

(3) The measurements for the two radii should be totalled on Form 1 to the 
nearest first place of decimals. 

If two radii together not equalling the average diameter have been usedj 
- the readings should be summed and the total adjusted proportionally to cor- 
respond to the average diameter. (This procedure is further explained hi a 
note on p. 56.) 
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(B) Calculations for all trees together. 

(a) Height Curve. 

(4) The figures for age above breast height to reach given sectional heights in 
Cols. 3 and 2 of Form 1 should be classified and averaged (Form 3). The averages 
are plotted and a smooth curve drawn, Curve I. 

The majority of the sections will fall at the standard heights of 4-|-', 14', 24' ... . 
but in the upper parts of the trees deviations will be frequent. Entries on Form 
3 should be kept to the left of the column, and any deviations entered to the 
right. The deviations should be totalled algebraically and divided by the 
total number of entries (not by the number of deviations). Before plotting, 
the standard height will be corrected by the quotient so obtained. Examples 
occur for heights 104, 114, and 124. 

Before totalling, the figures should be scrutinised, and any tree which ap- 
pears abnormal or exceptionally slow-grown should be excluded. As a mle, 
only trees attaining the age up to which the final results are desired should 
be included. 

In drawing the curve, the fact may be borne in mind that with this method 
of construction, there is a systematic tendency towards lower values for height 
at a given age. 

(b) Diameter Curves by decades. 

(5) The diameters under bark at different heights shoidd be collected from all 
trees, separately for each decade, on a series of copies of Form 3, totalled and aver- 
aged. See. pp. 88 — 90. 

(6) The average values are plotted against corresponding height of sections se- 
parately for each decade, and the curves smoothed and harmonised. (See p. (!.) 
Curves IT -IV are thus obtained. 

This is done in 3 steps - 

Step 1. — A verage diameter are curved over heights of sections and smoothed. 
Values are read against 4£', 14', 24' heights. Curve IT. 

Step 2 . — The curved values obtained above are plotted against decades 
separately for each section, and smooth curves drawn. Curve III. 

Step .'I. The values read off from the last curve are again replotted, and 
smooth curves drawn. Curve IV. 

If the average height deviates from the standard at the head of 
the column, it will be known from the data in the previous section 
(«). 

In harmonising, the higher decades should be given most weight.' 
Tlte curves should agree with the height curve constructed -under 
(a) a bolt, and mutual adjustments should be made as far as possible. 

(f) Volume Curves by decades. 

(7) For each decade, the volupie of the mean tree is obtained by calculating and 
totalling thej voUinais of its constituent sections, lengths and mid-diameters of 
which are directly available, from the curves drawn under («). See pp. 92, 93, 
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For the first entry, 0-0917 is the sectional area corresponding to a diameter of 4-1", 
and the length being 9', the volume is Q-8253. The top log is taken as a cone, see 
the third section for decade 10 on p. 92. 

(8) The tree volumes are then plotted against age above breast height and a 
smooth curve drawn. Curve V. 

(d) D. b. h. curve. 

(9) Average d. b. h. under bark by decades can be read directly from the Ah' 
curve of the set drawn under (ft) above. Double bark thiekness at breast height 
is taken from tables if available ; if tables are not available, the data from all sec- 
tions are averaged by A" d. ft. h. under-bark classes, and a curve drawn for double 
bark thickness against d. b. h. under-bark. See Curve VI. From this curve 
the required data can be read for correcting each of the diameters under bark to 
standard d. b. h. This correction is made, and d. b. h. is curved over age above 
4' 6'— Curve VIII. 

(e) Correction from breast-height age to total age. 

(10) The data collected in Form 2, p. 84 from seedlings and saplings should 
be totalled and averaged on the form. The points for average age and height in 
each height class should be plotted and a smooth curve drawn. The curve must 
obviously start at the origin - Curve VII. 

(11) An average figure for age to breast height is read from this curve 14 years - 

and the zero point of age for the three curves obtained under (a) (c) is shifted to 

the left by the necessary number of units so that height, d. b. h. and volume can 
be read off against decades of total age. 

(/) Final correction to be applied to volume growth figures. 

The figures of growth in volume obtained by the above method arc derived from the mean 
tree for each decode of age on the basis of diameters. The values obtained arc consistently 
low as compared with figures obtained by the more usual method, according to which volumes 
ore lirst calculated separately for each decade for each tree, him! these volumes then averaged 
for all trees. A correction (which ordinarily amounts to about 3%) can be applied to the figures 
of volume obtained by the first method to correspond approximately with the figures obtained 
by the second, on the assumption that values of mean trees obtained by the two methods vary 
directly as their basal area. In the average case, it is not necessary to make this correction. 

If 1) is the average of a number of d. b. h. measureim nts, d lt d t , d s , etc., 
and a the standard deviation, the basal area of the tree of average basal 

area is = T = T - (D 2 + a 2 ). 


The volume of the mean tree of average diameter is D 2 . 

The ratio of the basal area and hence the volumes of the two mean trees by the 

L 2 -fa 2 a* 

two methods is therefore — jjj — or the relative error (percentage) 1(M) x "jj, . 


(g) Orotvth in volume to any given diameter limit over bark. 

From the bark thickness data, the diameter under bark corresponding to the 
given limit over bark is determined. From the curves under (a) above, the height 
at which this under-bark diameter limit is reached, cun be read for each deeade 

F 2 
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of age, and the mid-diameter of length of each 9' or 10" section below it. The 
volume of these sections has already been calculated under (c), and it only remains 
to add in the volume of the incomplete section. 

Assuming that the taper is constant between the given diameter limit and the 
next point below which has been measured, the diameter at the top end of the last 
complete section is obtained by proportion. The mean of this diameter and the 
given limit (both under bark) gives the mid-diameter of the incomplete section ; 
its length is known, and so its volume can be calculated and added in. 

This is done for each decade, and a smooth curve drawn over the points from which 
the required values are read. 
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Stem AnalyiU Form No. 1. 


Species .— Picea Morinda. 
Quality.— I. 

Crown das *. — la. 


Radial Measubbments. 
Tre.fi No. 1. 


Dimion.— Chakrata. 
Block & Compt.— Kanasar, 23. 
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Stem Analysis Form No, 1. 

Species . — Picea Moriuda. 

Quality.— 1. Radial Measueements. Division.— 1 Chakiata. 

Grown class. — la. Block & Compt. — Kanas&r, 28. 

Tree No. 2. 
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Stem Analyst Form No. 1. 

Species .— Picea Morinda. 

Quality— 1. Radial Measurements. Division,— Chakrata. 

Grown class. — la. Block <£• Compl.— Kanasar, 23. 

Tree No. 3. 
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Species . — Picea Morinda. 
Quality.— 1. 

Crown doss. — 1«. 


Radial Measurements. 
Tree No. 4. 


Stem Analyiis form No. 1. 

Division.— Chakrata. 
Block & Cmnpt. — Kanasar, 23. 
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t Stem Analysis . 


a . Stem Analysis Form No. 1. 

opecm .— Picea Morinda. 

Quality— 1 . Radial Measurements. Division.— Cliakrata. 

Grown class.— \u. Block & Compl.- Kanasar, 23 . 

Tree No. 5. 
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Stomp Analysis Form No. !, 

Seedling Height. 

Species . — Picea Morinda. Division. — Chakra ta. 

Quality of Locality. —I. Block & CWipi.— Kanasar, 23. 



• . Selwfc or 1' classes to cove* tin* range Oi stump heights. 

yehi.^-TIw form m*d is primarily intended for Stump Analysis, vide p. 62. 
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Stem Analysis Form No. 3. 


Height Computation. 


Species. — Picea Morinda. Division. — Uhakrata. 

Quality. —I, Block & Compt. -Kanasar, 23. 

Crown c'ass .- In. 
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Stem Aoftlyift Foriu No. 3. 

Mican diameter Computation for decades (10—40). 

Species . — Picea Morinda. Division. — Ch akrata. 

Quality. — I. Block rf; Compt. — Kanasar, 23. 

Croton class. — la. 



Dev. 
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Stem Analysis Form No. S 

Mean diameter Computation for decades (50—80). 

Species . — Picea Morinda. Dimim. — Oliakrata, 

Quality, — I. . Black tfe Compt.~- Kanasar, 23. 

Crown doss. — la. 
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Stem AnalyBia Form No. S. 

Mean diameter Computation for decades (90—100). 


Species . — Piccft Mo rind a. Division . — Chakrata. 

Quality .—I. Block & Compt. — Kanasar, 23. 

Crown c'ass. — la. 
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Stem Analysis Form No, 8. 

Mean tree volume computation fob decades (10-50). 


Species . — Picea Moriuda. 


Division. — Chakrata. 


Quality.— 1. Block and Compt.—TZeamax, 29, 

Crown doss.— la. 
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Stem Analjmli Term N#. 8* 

tree volume computation for decades (60—100). 


Specie*.— R oea Morinda. 

Quality— I. 

Crown doss- — la. 


Division. — Ckakrata. 

Block aid Comp.— Kanasar, 23, 
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Computation fob bark thickness. 


Species. — Ficea Morinda. Division. — Chakrata. 

Quality. — I. Block and Compt. — Kanasar, 23. 

Crown class . — la. 











































Stem Analysis Curves. 






STEM ANALYSIS 


species— Plcea Morlnda. Dlvision-Chakrata. 

Diameter under bark/Height (First Curve). 

Curve II (Step 1) 







DIAMETER IN INCHES 












DIAMETER IN INCHES. 


STEM ANALYSIS. 


Species- Picea Morinda. Division-Chakrata. 

Diameter under bark/Helght (Final Curve). 


Curve IV (Step 3) 
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STEM ANALYSIS. 


Species— Plcea Morlnda. Division- Chakrata. 

Twice bark thickness. (BT) 


Curve VI. 



Age/Height of seedlings. 






STEM ANALYSIS 


Species -Plcea Morinda. 


Division— Chakrata. 


D.B.H. (over bark)/ Age. 


Curve VIM 








CHAPTER IX. 

Increment Borings. 

(i) Objects. 

1. To determine the current increment of trees of given diameter, age or crown 
classes as an indication of the need of thinnings or regeneration. 

2. To determine the average time required for trees to pass through successive 
diameter classes with a view to fixing yield or rotation. 

3. To determine the diameter increment of mature trees for the purpose of 
estimating allowance to be made for increment during a regeneration period, in 
regulating yield. 

The increment for a short period in the past may be assumed to be the same 

for a similar period in the future. 

4. To determine the effect of adverse or favourable factors, and the response 
made to any improvement or control operations. 

The advantages of increment borings as compared with stump analysis which 
can be used for the same purposes, are as follows • — 

(а) Control of the data .— Since borings are made, on standing trees, selection 

can be made of the trees definitely acceptable from the point of view 
of the investigation in question. The data obtained arc thus more 
homogeneous. 

(б) Wide range of data . — Data can be collected on any standing trees, and 

not only on stumps of recently felled trees. 

(c) Elimination of toper.— Borings arc taken directly at breast height, and 

so no taper data are required as they are in the case of stump analysis. 

(d) Economy of time and money .— The work is quicker, both in the field and 

in the office. 

(e) Observations can be repeated on the same trees at any later data. 

The main relative disadvantage is the lack of knowledge of the total age of the 
trees examined. 


(ii) Field Equipment. 

(1) Pressler’s borer with 

maker’s fittings 1 

(2) Research calliper . . 1 24* Fromme or Flury type marked in 

inches and tenths. 

(3) Pocket lens ... 1 

(4) A small light box with 

sheets of cotton wool . . . For holding the borings. 

(5) Machine oil . , ... For cleaning the borer. 

If properly oared for, the borer should take many hundred borings without needing 
to be sharpened. The greatest car© should be given to avoiding any injury to the cutting 
edge • it requires a tool expert to sharpen it once it is blunted, and the instrument may 
be irremediably injured if wrongly fifed. 

( »7 ) 
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(iii) Procedure. 

(A) Field work. 

(1) Typical trees with bole of regular shape at 4' 6* above ground level should 
be selected for borings. What is to be considered typical should be decided for 
each locality and the purpose of the investigation. 

(2) The diameter classes to be taken will depend on the investigation in hand, 
enc amount of time available, and the accuracy desired in the end results. 
Usually only the largest or the average classes are required, but the whole range 
should be covered for accurate determination of rotation. 

(3) Borings should be taken at breast height ; in the event of any irregularity 
of shape at 4' 6*, borings should be taken sufficiently above or below that height to 
avoid such irregularity, and the height of the point where borings are taken should 
be recorded. 

(4) In the case of species with buttress formation at the base, borings should be 
taken on the stem just above the point where the buttress formation ends. Height 
of borings should be recorded for each tree. 

(5) At least two borings should be taken, one at each end of a normally developed 
diameter. In the ease of markedly eccentric or irregular stems, two or more pairs 
of borings (at the t wo ends of diameters) should be taken . 

(6) The number of trees measured should be 50 in the first instance. See (/) 
below (p. 101 ). 

(7) All borings should be taken at right angles to the surface. 

(8) The number of rings to be bored will depend on the investigation : in most 
cases either 10 rings or depth is required, and a 50 per cent, margin should be 
allowed. 

(9) A convenient form in which to record the field data as collected, is the follow- 
ing : — 


Increment Borinas. 

Species . — 

Division . — 

Range, Block, Compt . — Initials and date . — 


Diameter at h.li. over bark. 


Tree No, 


Measurements. 


Average. 


Rings per 

S inches of 

t 

i 


inch of radius, or width in 
rings. 





The headings ran be repeated Uiree or four times horizontally across the page, 
and different diameter, classes can be kept in different vertical columns if desired. 
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(B) Computations. 

For each tree, measurements of pairs of opposite borings should be totalled and 
averaged. 

(a) Current annual growth per cent . in diameter (P) for each diameter, age, or 
crown class concerned, is calculated from the following formula, and compared 
with predetermined standard values. 

(1) Premier's approximate formula. 

If ft— number of rings in the last unit length of radius, and d and D are the 
initial and final diameters, then 

p *00 D-d 

n D+d 

(2) Compound interest formula . 

(Tables for values of (1*0 p) n for different values of p are appended (Appendix 
I, p. 107). From these tables, the values of P can be read off direct.) 

The increment per cent, or relative increment of diameter falls off from the 
beginning, and can be represented by a curve of hyperbolic shape. 

Relative increment in sectional area above d.b.h. increases with the height. 
The mean relative increment of the stem is found at a point halfway between 
the base of the crown and breast height. 

(b) For determination of the average time taken by trees in passing through succes- 
sive diameter classes, periodic current increment (say for 10 years) and average 
diameter should be calculated for the mean tree of each diameter class, and a smooth 
increment curve drawn (Curve A, p. 105). 

Ex. 33. Borings were taken on a number of trees of Bombax malabaricum. 

The data for 3 trees in each 4” diameter class , for the past 5 and 
10 years are tabulated on p. 103 , and worked up with Curves A and 
B on p. 105 as described in the following paragraphs . The final 
curve and tabulated data after correction for bark thickness are not 
reproduced . 

The increment curve should then be transformed into a growth curve by the 
following steps 

(1) Starting with the lowest diameter plotted on the increment curve (7- 1*), 

its increment during the period is read off directly (2-3*) ; this is added 
to the original diameter to obtain the final diameter at the end of 
the period (94*). Increment against this diameter is read off again 
(2-7*) and similarly added ; this process is continued for the range of 
values available for the increment curve. 

(2) The diameter values so obtained are plotted against a succession of 

equidistant points spaced at intervals corresponding to the number 
of years in the period, and the growth curve drawn through the plotted 
points. (Curve B.) 
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(3) The time axis of the curve is corrected to read age by shifting the zero 

point to the left by the necessary number of units corresponding to 
the estimated time required to reach the lowest diameter plotted (6 
years). 

(4) Bark thickness is added from bark thickness tables if available ; other- 

wise, bark thickness is separately measured on the borings or as an 
independent investigation ; values so obtained are curved over dia- 
meters, and smooth values read off and added. 

(c) Rotation can be obtained directly from the final curve of the preceding section 
by reading the values for age against the selected rotation diameter. 

Another approximation of rotation from measurements on mature trees can lie. 
made by the application of the following approximate formula, in which w is the 
average width of the annual rings for any given depth of boring (say 1"), a is the 
allowance for years to attain breast height, and D the selected rotation diameter. 

ltotation =o+ 

Ex. 34. Bombax logs of 90" girth and over maid not he dealt with by the 
machinery available in a mulch-making plant ; required to determine 
the maximum permissible rotation. In the case of buttressed trees , 
90" girth refers to the point of measurement just above the buttress, 
and the d. b. h. corresponding to this calculated on the available 
data is taken as 30". 

Average width of annual rings measured on borings taken with Press- 
ler’s borer for last 1" of radius was 0-3" and the age to reach 4' 6" is 
taken as 4 years. 


w;=0*3" 

D— 30 
a— 4 

Rotation = 4+ 2 *J... 

= 4+50 
=54 years. 

Rotation age for maximum volume production is the ave at which mean 
annual increment and current annual increment are equal. As total age is not 
known, the former cannot be accurately determined, but for a first approxima- 
tion, it may be assumed that the two arc equal in trees which arc visibly neither 
immature nor overmature, the estimate being checked by comparison of width 
of rings in a few sample trees of each type. 

Culmination of current diameter increment occurs after the culmination of 
height increment. 

Excluding the irregular portion of the tree at the haw affected by root swelling, the width of each 
annual ring vatic* dfcreetfy with the extent of the leaf surface or the circumference of the crown at the 
time the ling wm kid down: (Prisdera Law of Growths) 
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Diameter increment, at any point of the stem is determined by the position of the crown, which 
is in turn determined by tho available growing space. Tn the ease of open crops, tho diameter increment, 
is greater in tho lower portion of the stem, while in tho case of crops of moderate density, the thickne ss 
of annual rings may be uniform throughout. Suppressed trees have greater diameter inclement in the 
upper than in the lower portions of tho hole. 

(d) Increment during a regeneration period . — The field data averaged by diameter 
classes and curved, will give diameter increment for the period in question (half the 
regeneration period) for the mean tree of each diameter class. With the help of the 
stand table and volume tables, this may be converted directly into the volume 
increment required. 

Alternatively, borings having been taken from a sufficient number of representa- 
tive trees, a single increment per cent, may be deduced by Pressler’s or the compound 
interest formula? given above, and applied to the whole crop in question. Incre- 
ment per cent, in basal area is double the diameter increment per cent., but the 
volume increment per cent, is dependent on changes in height (which in the case of 
mature crops may be disregarded) and form factor as well as diameter. If form 
factor is assumed not to change significantly, volume increment per cent, may 
also be taken as double the diameter increment per cent. ; this is generally permis- 
sible. 

(c) Effect of influences applied to crops.- - To investigate such problems, the proce- 
dure is exactly as under head (a) above. 

(/) Determination of the number of trees required in each inch class . — The number 
of trees required in each inch class should be determined by the usual method de- 
scribed on p. 41 , taking radial measurements or counts of annual rings as the vari- 
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Incbembnt Borings. 

Species . — Bombax malabaricum. 

Division. — Haldwani. 

Bangs and Block. — Chakata, Gaula. Initials and date. — P. Q. R. 




lUQggper iachcf 
radius. 


r>. b. h. 

Over bark. 


Tree No. 


Width In inches <>f 



5 rings. 


'MeMtuib 7 

■ ■ ■ ~ 


, Average, 

meats. • 

| 1st. 2nd. 


; 2*10 

3*55 

! 2-00 

j 

3*20 

! 1*30 

2-00 
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Increment and Growth curves based on Increment Borings. 
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APPENDIX I. 

Values of Factor (1-0 p). n 

[ Required in connection with annual growth per cent., see p. 99.] 
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APPENDIX l -amid. 


Values of F actor ( 1*0 p)" — contd. 
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Values of Factor ( 1-0 p)" — conld. 
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CHAPTER X. 


Sample Plots for Crop Increment in Even-aged Crops. 

(i) Objects. 

]. The determination of crop increment at all stages of development of even* 
aged crops. 

2. The comparison of crop increment of even-aged crops with the same origin 
and treatment but. on different qualities of locality. 

3. The comparison of the influence on crop increment of even-aged crops of 
different methods of regeneration and treatment. 


1. 


4. 

5. 

r». 

7. 

8. 
V). 


10 . 

11 . 

12 . 

13. 

14. 

15. 

10 . 

17. 

18. 


10 . 


20 . 

21 . 


(ii) Fikiyd Equipment, Staff, and Time keqtttrej). 
(a) Field Equipment. 


Research callipers 

3 


Two 32* or 24*, all metal (Fromme 




type), one? 14* (Fromme or 




Flury type). 

Fixed iron callipers 




(Prongs) . 

2 


8 and 2 inches. 

Steel measuring tapes 

2 


12 foot long, graduated in inches 




and tenths. 

Linen measuring tapes 

2 


100 foot and 50 foot. 

Tree scribe 

1 



Abney's level . 

1 


Moil el 265F with stand. 

Surveyor's rods 

4 



Surveyor’s cross stave 

1 



Plane table with alidade 




and compass 

l 


If required for mapping position of 




the trees in the plot. 

Optical square 

1 


Ditto. 

Pocket compass 

1 



Felling axes 

6 



Small sharp axe or ad/e . 

1 


For cleaning rings for ring count 




ing. 

Khukri .... 

1 



Chalk .... 

1 

lb. 

^ For every 100 trees to be numbered : 

White paint 

5 

lbs. 

y good quality necessary. 

Linseed oil 

n ibs. j 

Slide Rule 

i 


10* scale. 

Sample Plot Forms 8 and 




7 bound in books, ami 




Forms 2, 3, and 11. 




Exp. Plot Form 5 


. . 

As required. 

Section pajjer . 


. . 

91 

Field note books 


. . 

>9 


< 

11 1 

) 
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ifc has proved impossible so fur to make or procure satisfactory large size callipers 
with the graduated arm in wood, however stiffened. The 32' calliper should accord- 
ingly always he all metal (e.g., Fromme’s). The small 14" calliper can be made 
quite well in wood with brass bearing surfaces and strengthening, and the wooden 
model has the advantage of being both less brittle and more easily repaired. The 
middle size can be constructed of wood onlv if well made. 

(1) Finn/ callipers ; graduated arm wooden, bras's bound ; fixed and move- 

able arms of aluminium ; 32", 21", 1-1", approximate cost inclusive of 
freight, ami duty delivered in India, Rs. 55, 48, and 40 respectively. 

(2) Fromm*' callipers] all aluminium; 5-1", 21", 11"; ajiproximale cost- 

inclusive of canvas cases, freight and duty delivered in India, Rs. 40, 
34 and 30 respectively. 

(3) Locally prepared callipers ; copied from Flury’s but fixed and moveable 

arm of teak encased in brass ; cam usually be supplied by Central 
Silviculturist at a cost- of about Rs. 17 and 20 for 14" and 24" callipers 
respectively. 

(1) Tree scribes are best obtained by having an imported sample copied by a 
skilled mistri. 

(5) The model 255K Abney's level is a marked advance on the older models, and 
is capable of giving good results with (lie use of stand and screw adjust- 
ment. •'/. Mathematical Instrument OHico list for 1928. The cost 
is Rs. to for the level and Rs. 5-8-0 for the stand. 

(f!) A serviceable plane table is obtainable from the Mathematical Instrument 
Otfice for Rs. 1 1-8 O, the folding alidade costing Rs. 18 extra and 
the stand Rs. lb. 

(7) The optical square in a sling leather case is obtainable from the Mathe- 
matical Instrument Oflice for Rs. 7-12 0. 

The whole equipment of instruments for a parly (excluding axes) costs about 
Rs. 300. See Plate V. 


(b) Sta ff required. 

The 3rd Silvicultural Conference (J929) passed a resolution (/’, Resolution l/>, 
p. 17) to the elled that a sample plot licit I party should consist of one Provincial 
Service Oflieor or picked Ranger, and 3 men of the Purest er type, whilst the reporting 
committee further strongly recommended the addition of a man of Deputy Ranger 
status, .Duties may be distributed as follows : 

Ollicer-m-charge party . . Selection of plots, demarcation, marking, 

thinning, selection of sample trees, Perm 
& 2, (mapping, recording). 

Deputy Ranger . . . Callipering main crop ; measurement of 

sample trees and thinning* ; mapping. 
Area measurements ; recording measure- 
ments of standing crop and sample 
trees. 


Forester 1 
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Forester 2 Painting numbers and cross marks. For 

a regular party, a less trained or tempo- 
rary hand can be taught to do this 
work. 

Forester 3 Supervision of labour on demarcation, 

felling and preparing trees for measure- 
ment. 

Permanent coolies . . .Asa rule six can bo usually kept with the 

party. 

(c) Time required for laying out plots. 

A full remeasurcrnent of an existing plot ran always be completed in one day. 
Two small plots close together can sometimes be dealt with in one day. A new plot 
can be completed in a day provided the number of trees is not too large, and that 
much time is not lost in searching for the plot itself or for sample trees outside the 
plot, but it is usually difficult to complete a tree map unless an extra, assistant is 
available to do it. In a general wa v, it should be taken that a new plot will probably 
require two days. 

An interim measurement can be accomplished in half a day. An assistant of 
average ability should be able to paint cross mark and number on 30 to 40 trees 
per hour of actual work. 

(</) Speck* for which Sample Plots are required. 

At the 11^0 (Silvicultural (Ymferenee, the. following resolution was adopted. 

- 1 Resolved that Provincial Silviculturists in co-operation should complete as 
soon as possible the 1 series of sample plots required for the compilation of yield 
tables for the following species :••• 

/. In Natural Purest- Acacia Catechu. Ainas ncpulcnsis, liugenia dambolami 
{coppice), Q uncus i neon a , Term inalia myrioairpa and Terminalia 
foment osa. 

II. In Plantations . - Acacia urahiea , Ainas ncpalensis , Casuarina , Crypto - 
menu, Dalheryia / a t if oik t , dmelina arborea, Michelia Champaca , Michelia 
e.reiisa and Terminalia nryriocarpu . 

The following additional species should be considered as of importance second 
only to the aforementioned. 

/ . In Natural Forest . ~ Dipteroear pus pilosus , IHpterorarpus turbinatus , 
Lager sir oemia Flos-Reginae, and Papains euphaitica. 

II. In Plantations.— Cinnamomuni V ecidodaphne . 

Work on other species should as far as necessary be subordinated to these. 

Statistics of growth for single trees are similarly required as soon as possible for 
t he following species : 

Adina cordifoliu , Dalbergio latifoliu , (Imelina arborea , Ougeima dalbergioides , 
Pterocarpus Marsnpiurn , and Tr cil ia nudijUnri. 
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(iii) Field Work for Selection and First Measurement. 

Sample plots are of three kinds : — 

(1) Permanent sample plots maintained for a varying period of years for 

remeasurement. 

(2) Temporary plots measured (standing) once only. 

(3) Clear-felled plots measured once after felling. 

The prescriptions of this Section (iii) and Section (iv) following it apply to Per- 
manent and Temporary plots, Section v, p. 124, to the remeasurement of Permanent 
sample plots, and Section viii, p. 134 to special procedure for (dear-felled plots. 

15x. 35. The 1920 and 1925 records and computations for Sample Plot No. 1 
of Upper Bashahr division , Punjab , are reproduced on pp. 145 
to 216 and should be consulted as illustrating the following Field 
Rules and Computation steps. 

(a) Selection of plots. 

(1) Plots should be selected in crops of all ages, and should be well distributed over 
the whole range of quality, types, and geographical distribution of the species. 

(2) A working copy of the height-age diagram for the species in question, showing 
the points for all existing sample plots, should be maintained for use? in the forest, 
and consulted for every proposed new plot. Plots of the province or region should 
be differentiated from those outside it. If the estimated age and quality of the 
latter is already well represented, time can be better utilised elsewhere. 

(3) Plots should be laid out in even-aged crops, the conception even-aged being 
interpreted with reference to the customary regeneration period for the species. 

(4) Plots should be selected as far as possible in fully stocked crops. (No allow- 
ance may be made for incomplete stocking). 

(5) When, owing to a lack of fully stocked crops, plots have to be laid out in open 
crops, the stocking should be as uniform as possible, large gaps and patchy growth 
being avoided. 

Difficulty will always be experienced in finding enough acceptable plots of 
all ages for the lower qualities, and for the higher ages of the better qualities. 
The difficulty is usually irregularity of stocking, and it is often necessary to 
lower the standard demanded both as regards shape and size of plot, and 
regularity and completeness of stocking, to complete the series of plots. It may 
be accepted that plots of low quality will in practice be always more open than 
better quality crops of the same average age or diameter. 

Greater apparent irregularity is permissible in the case of quite young crops, 
as much evening out takes place with further development. A common example 
is the small semi-blank or stunted patch where a seed tree has recently been 
removed. ^ 

(6) Trees at the edge of a crop or with crowns spreading into an adjacent large 
gap should be avoided. See Plate VI. 

(7) Whenever an area which has been selected as suitable for laying out plots is 
large enough for making a pair or set of plots with the same initial conditions but 
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with different kind or grade of thinning, such a pair or set of plots should be laid out 
on the accepted lines. 

(8) Plots may be selected in mixed crops, i.e., in crops in which more than one 
species contributes to an important extent to the main canopy, where such mixtures 
are of common occurrence and of importance. 

Interpretation and application of the results obtained are however very dillieult., and in the 
present state of knowledge, more useful information will be obtained from pure crops, i.e., crops in which 
one species greatly predominates. 


Ex. 30. Dalhergia Sissoo and Acacia Catechu; DalbergU Sissoo and 
Morns alba ; Finns excelsa and Cedrus Dcodura. 

Coppice crops are very frequently com jk) sod of mixed species, but. owing to the short life of 
the crop and the consequent far less interference with spontaneous growth, sample plots (to be clear - 
felled at the end of the rotation) may prove quite useful. 


(b) Number of Plots required . 

(9) Ideally, there should be about two standard plots for each decade for each 
quality, so that after two or three remeasurements, complete overlapping will result : 
in practice more will be required, to compensate for unavoidable irregularity of 
distribution, stocking, etc. For a given thinning regime, 100 plots should be ade- 
quate for one species. 

(10) A greater number of plots representing the best and lowest qualities should 
be aimed at, as until several remeasurements have been made, the trend of all curves 
derived from the plot data is largely decided by the limiting points. 

(11) In a given region (province), it is desirable to cover the whole range for a 
species independently of the plots in other regions. A much smaller number of plots 
will suffice if plots of similar quality exist in other regions ; 40 or 50 (suitably dis- 
tributed) may be suggested. 


(c) Shape of Plots. 

(12) Plots should always have rectilinear boundaries with the angle between 
any two sides not loss than 30°. Pronounced re-entrant angles should bo avoided. 

A less satisfactory outline has often to be accepted for plots of age or quality 
difficult to obtain. 

(13) The sides of a plot, and the necessary number of diagonals to divide it com- 
pletely into triangular portions, should be measured by tape to the nearest whole 
foot, the shortest diagonals being taken by preference. 

(14) The slopes of sides and diagonals should be measured by means of ai: Abney's 
level, or any other instrument of equal accuracy, whenever the average slope exceeds 

10 ° 
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(15) The actual lengths of sides and diagonals and their slopes should be measured, 
not the horizontal projections. 

These measurements are recorded on a diagrammatic sketch map for 
purposes of calculation of area. See Rule 66, p. I'll and Computation Step 1, 
]). 1*25. The procedure prescribed for measuring the arv:i of plots has been 
found the quickest and most easily checked. 


{(1) Size of Plots . 

(16) Plots should as far as possible be half an acre or more in area. Smaller 
area is of less importance in the ease of small trees, but may prevent maintenance 
of the plot- after a few ^measurements. Above half an acre, uniformity of stocking 
and availability of sample trees is more important than larger area. 

Kxpcrieneo teaches that mnlcr the. conditions prevalent in Indian forests, it is impossible to 
insist- on oven n hnlf-ricrc minimum ; in fart, except in plantations, this figure is less often attained 
than not. In quite young crops, the same degree of accuracy is obn inn bio with \ acre plots, 
and with older crops, a pair <»f plots approximating half an acre end will give more val liable 
information than one plot of about, one acre. Kumpean investigate us tend to indicate that 
£ hectare or 1 j acre, 1ms liecn found the, optimum Ihcre as regards cm sistency in results. 

(1 7) The number of dominant t rees which should be taken as an ubsoluto minimum 
for maturing and mature crops is 25. 


(c) The surround. 

(18) Whenever possible, plots should be provided with a surrounding strip (the 
‘ surround ') to be treated in the same way as the plots. This strip should be of 
tiiiHicicnt area to provide sonn at least of the necessary sample trees unlikely to be 
obtainable* from the plot itself ; the surround need not be of even width, but on an 
average, it hould equal the height of the crop at the time of laying out the plot, 
at the. same time being not less than 12 yards wide. 

The surround can very rarely serve both function*' of supplying ."alnple trees not available 
in the plot itself, and of ensuring that the actual plot is only the central portion of an area of 
forest under absolutely uniform treatment. The sample trees needed arc nearly always those 
of big diameter, and their removal from tin* surround at once makes if different, from the plot. 
The surround can however at least help in the desired dire.-t ion. and it protect a the plot from 
damage from fellings in the surrounding forest. 


(/) Demarcation and numberinff. 

(19) The whole area including the surround should first, be roughly demarcated 
by painting white rings at hr, a-d h-ight on a few of the outermost trees. Sec 

Plat VII. 

(20) The boundary lines of the plot itself should then he selected and 
marked by mean of trenches, approximately one foot wide by I foot deep. 
See Date VI f. Where erosion is to be feared, these may have to be omitted, 
or may be replaced by intermediate posts smaller than Iho corner posts, at about. 
,20' intervals. 
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(21) The boundaries of plots should be so placed as to coincide as far as possible 
with the outer limits of the projected crowns of the marginal trees. 

Particularly with small plots, care is required that the boundary includes the 
whole area primarily utilised by the trees inside it. In cases of doubt, the 
error should bo kept on the conservative side by faking the boundary further 
out. 

(22) The corners of the plot should bo marked by means of durable wooden 
posts serially numbered ; see Plate VII. When* suitable posts are not available, 
masonry pillars should be erected. 

(23) Demarcation of the surround should lx* completed by painting white rings 
at breast height on as many trees as necessary to let it be clearly seen what trees are 
included. 

(24) The number of a plot should be indicated on a board or enamel plate iixed 
on any convenient and conspicuous position near or in the plot. It will be found 
helpful to add the year of laying out to the plot number board. 

(24c/) Sample plots should be serially numbered, separately in each division ; 
the numbers should never be changed, nor should the number of an abandoned 
plot be reallotted to a new one. 

(g) Thinnings and tn (ihnc.nl oj under story. 

(25) The kind, grade and frequency of thinning to be done should be recorded 
in the files, and st rictly adhered to. A copy of the thinning scab*, adopted is appended 
to these rules as Appendix V, p. 217. See also (7, p. 222). Chapter XI deals 
with special thinning research. 

For coppice crops, the standard thinning scale only provides for the later 
thinnings, and makes no special provision for the customary reduction of the 
number of shoots per stool. Iteductiou of the number of shoots to 3, 2 or 1 
should bo investigated as though they were extra thinning grades ; likewise 
the removal of all small shoots irrespective of the number of dominating ones. 

In mixed crops, it is essential that a clearly defined policy should ho laid 
down for thinning treatment as affecting dill rently the several specie s of which 
the crop is composed. 

(20) As far as possible, th plots should be brought into a normal condition when 
liist laid out, but over-slocking may take two or even three thinnings to adjust. 

The work necessary when a plot is first laid out is usually that of r« gularising 
it by the removal of single trees not merging with the rest, by opening out local 
crowded groups to more or less the condition of the rest of the plot and bv re- 
moving of injured trees, etc. Great care must be taken not to open out a plot 
too rapidly, an operation which may easily ruin a plot for the very purpose 
for which it is taken up. 

(27) Thinnings should normally be made when the plot is laid out and thereafter 
at 10-year intervals, except that : — 

(i) For over-stocked plots which cannot be brought to a normal condition 
when first laid out, the second interval should also be one of 5 years if 
the condition of the crop then permits of further thinning. 
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(ii) With young crops of such species as arc thinned 5-yearly in divisional 

practice, this period may be adopted for as many intervals as customary 

or desirable. 

(iii) With short rotation coppice crops, a special thinning cycle is sometimes 

desirable ; see p. 228. 

(28) What is advisable as regards retention, removal and measurement of a lower 
storey must vary with species, locality and conditions ; under conditions favour- 
ing luxuriant vegetat ion, it is often best to remove it to facilitate work, particularly 
as it will usually very quickly be replaced by new growth. See Plate VII l. Under 
unfavourable conditions, it is generally better to retain it as additional soil protection 
iind where local conditions render retention of the lower canopy layers desirable for 
fear of damage by snow, etc., this should be done in the sample plots also. 

(h) Painting cross mark. 

(29) All green trees which are included within the limits of a plot, and the measure- 
ments of which are to be recorded, should be painted with a cross mark at 4' G", 
except that : — 

(i) When the bole is abnormal at 4' 6", the height of the cross mark should 

be altered as in General liules 4-6, p. 9. 

(ii) When a lower storey is composed entirely of subsidiary species, it need 

not be cross marked ; cf. Rule 35 below. 

(iii) When trees of the principal species or species represented in the main 

canopy are relegated to the lower story, they must, be cross marked, 

the foregoing rule (ii) still supplying to any subsidiary species present. 

(iv) Trees under 2" d.b.li. when definitely relegated to the under story (ef. 

Rule 35 below), need not be cross marked. 

(v) Coppice plots should be dealt with exactly like seedling forest, reading 

‘ shoot ’ for ‘ tree’. Breast height is accordingly measured from the 

ground, and not from the level of the stool. 

Special care is required that the bark is not unduly scraped for 
painting on the cross mark, and above all that the cambium is not 
cut. Numerous examples have been met with where light khukri or 
(Inh cuts had been used to indicate the position of the cross mark, and 
a reduction of 0*.l" or 0*2' in the diameter measurement caused 
thereby in some cases, and in others, where the cut penetrated to 
the cambium, pustular swellings had formed by the next measure- 
ment rendering measurement difficult and doubtful. (Deodar 
seems particularly liable to this.) 

(30) The cross marks should be on the uphill side on hilly ground, and all facing 
the same way in plots <m level ground. 

(31) If a paint mark is inadequate, a nail should be inserted 18' vertically above 
the centre of the cross mark. 

If good paint (and oil) is used, painted cross mark will usually remain 

clear enough »r the 5-year period, except in the dampest types of forest and 





I'U.t... T. «. t’l.it r.'ikiir, V. K. I. 

Sample Plot 7, Sivok, Km^ron^ division, l^-n^al, in Sfi <>rea rohusht ; Quality I, aor 
t» 7 years, crop li-*ioht «W ft., crop diameter 1 1*J ins. In l.lii> « i:i tn] > type of forest 
complete clearing of the undergrowth is helpful (Field Kith* -Sj. 


Opposite page 1111. 
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with some species which constantly shed their bark. When a nail is necessary, 
a 4" wire nail is recommended. Insertion at a distance less than 18" from the 
(toss mark is liable to effect the diameter at the latter point. Copper nails 
obviate danger to saws later, but may conceivably affect the tree or corrode 
rapidly. 


(j) Numbering . 

(32) All trees on which the cross mark has been painted should be serially num- 
bered, except that 

(i) Until the smallest trees in the main canopy reach 4" diameter, no num- 

bering will be done (but only enumeration). 

(ii) In the case of coppice crops which it is intended to clear fell at the next 

measurement, numbering is not necessary. 

(33) When once numbering is done, all trees with cross marks must be numbered. 

(31) In coppice crops, the numbering should be done serially for all shoots bearing 
a cross mark (See Hide 29 v). In recording, the numbers referring to a single 1 stool 
should be bracketted together. 

(35) Where a second story is distinguished, whether of the same, species as the 
top story or not, the trees bearing cross marks should be similarly numbered, pre- 
ferably continuing the sequence of the principal crop, and it should be clearly slated 
on Form 3 which numbers belong to the understory : trees without cross marks 
should bo enumerated only. 

(30) The numbers should be on the same side of the tree as the cross mark, and 
are conveniently based on a horizontal line 0" above the breast height point. 

(37) The outer dead bark may be carefully trimmed oil with a sharp instrument 
to give a smooth surface for painting, but great care should be taken that no living 
tissues are, injured or exposed. 

(38) On hilly ground, numbering should start from above, and should proceed 
stripwise along contour ^lilies ; on level ground, numbering should run in strip-4 
parallel to one side of the plot. 

(39) If paint numbers arc inadequate, the number should be stamped on or 
punched out of a metal plate hung on the nail 18" above the cross mark. 

When number plates are necessary, rectangular pieces of 1/1(5" gauge sheeting 
3"x2" are recommended, the numbers being impressed with dies. 

Can 1 is required that in trimming the bark for painting on the number, the 
bark at the level of the cross mark is not affected. 


(A) Measurement of the standing crop . 

(40) Breast height diameter should be measured and recorded for all trees painted 
with cross marks. 

In the field, it is convenient to use books of Sample Hot Form 8 for recording, 
the data being copied later on Form 3. 
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Under Rules 69 and 75, diameters of trees marked for thinnings at first 
measurement should be on a separate copy of Sample Plot Form 3. At 
remeasurement, this is recorded on the first main crop Form 3 in the Column 
provided for the purpose. 

Callipers should be accurately adjusted before commencing measurements 
in each plot, and checked again on completion. If the latter check reveals 
an error exceeding 005* for the average diameter, the plot should be recalli- 
pered. 

For a discussion on the relative merits of tapes and callipers, see Proc. Silv. 
Conf., J 020, pp. 156-160. 

When any doubt exists as to the measurement to be recorded, the smallest 
alternative should be accepted. 

(41) In crops of small trees not numbered, the results of enumeration in 1* 
diameter classes should be recorded on the same Form 3 ; similarly for trees without 
cross marks in the understory. 

(42) Crown class according to the standardised tree classification should be 
recorded for every tree for which diameter is separately recorded. Vide Appendix 
V, p, 2 17 A. Crown classes of trees should be judged after felling the thinnings. 

(/) Selection of sample trees. 

(43) Sample trees should in the first place be selected from among the thinnings 
marked in the plot ; thinnings should not be felled until sample trees have been 
selected. 

(44) Enough sample trees are needed for drawing the hoight/diameter curve 
with requisite accuracy over the greater part of the diameter range of the crop, in 
particular the parts of the curve corresponding to the mean diameters of the 
groups in which the trees will probably be classified, (ef. p. 143). Not less than 
6 sample trees should be selected and measured, and 12 properly selected arc 
usually enough. 

(15) If the necessary sample trees are not available from trees marked for thinn- 
ings in the, plot, the rest may be selected in the surround. If the required series is 
still incomplete, one must go beyond the surround for the remainder but should 
remain as close to the plot as possible. 

Where it is necessary to go out of sight of the plot itself in the search for sample 
trees, the average height of the trees of the diameter in question standing in 
the plot should be measured, and no tree should bo accepted as a sample till its 
height has been found to be in agreement within 3 per cent, of what, is required. 

(46) A sample tree of a given diameter should be representative of its diameter 
class in height, form, and crown development-. 

(47) In view of the ever increasing difficulty of obtaining suitable sample trees 
from fellings in the plJB and surround, measurement of standing sample trees is 
recommended whenever practicable. 

Measurement of standing sample trees lias long been practised in European 
research work (<V, p. 237), Appliances and methods for use in India are under 
examination at present. 





I'hotn. I|. (J. ( 

KrUiii^- and m.MMuin- >sivn|.|c- lnr> in S-.mj.li' Mol is. rlmkrata division, I'niti-d 
Provinces, in (Wr//x MWt/m ; (Quality 1**J II, a^r yrars, crop lioioht 1()|J ft., 
oroj) diameter f<S*.S ins. 
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(48) Three to five of the sample trees of somewhat above the mean diameter 
should be selected for height analysis to supply data concerning the past growth of 
the plot not otherwise obtainable. See Hole (50 below. 

(49) Where difficulty is experienced in getting enough good sample, trees of the 
larger sizes, typical standing trees of the main crop should be selected for additional 
height measurements. See Rule G1 below. 

(50) A separate set of sample trees should be selected for a subsidiary species 
when it comprises more than 20 per cent, of the total number of trees, and con- 
tributes a significant part of the main canopy. Tn the case of mixed crops in which 
more than one species makes an important contribution to the main canopy, a full 
set of sample trees is required for each such species. 

(51) If more than 1 2 trees are felled as thinnings, some of them should be measured 
as sample trees for the thinnings as described under Rule 03 below, or all may bo 
so measured. 

(52) If the. volume of the under, story is required, a separate set of sample trees 
should be measured for it. (This is not usually called for). 

(m) Measurements of sample trees . See Plate IX . 

(53) Standard measurements in rrr- units as listed under General Rule 2 3, p. 10, 
should In* taken on all sample trees. 

(54) 'Branch small wood should only be measured for species other than sal, teak, 
deodar, chit\ and blue pine. Stem smallwood should always be measured. 

(55) Measurements of sample trees should be recorded in Sample Plot Form 
No. 7. 

(56) Where well established local standards of conversion and utilisation exist, 
the volume of sample trees should also be measured on these standards (cf. Rule 
24, p. 11). 

(57) It is useful to record the average length of the green crown and crown width 
as reflecting the density of the crop. Crown length is measured from tin* tip to a 
point midway between Jbhe lowest branch with green leaves, and the lowest point 
at which the crown is developed on all side of the bole. 

Crown width may be measured after felling as the maximum spread of the branches 
on the ground* excluding any which are clearly exceptionally long. As the point 
of maximum spread will often be at different heights on the two sides of the tree, 
each side should be measured separately. 

(58) It is useful to record the diameter under bark at the point midway between 
breast height and the top of the tree, to permit of the calculation of form quotient 
(cf. p. 14). 

This measurement should be substituted for tin* measurements at half total 
height for sal , teak, deodar, chir and blue pine, but as an extra measurement 
for all other species. 

(59) The age of sample trees should be determined as under General Rules 16 

—19, p. 10. 

(60) Stem analysis for height of the trees selected under Rule 49 consists in cross 
cutting at intervals of 10' from ground level and counting rings at each section (so 
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that by subtraction from the total age, the age to the height of each section is 
known). This step often brings extra reliability to the routine stump ring counting. 

(01) The height of the standing trees selected under Rule 49 above should be 
measured, but it is important to take the height of some of the sample trees bcforo 
fellings using the same instrument, as a check on this work, all measurements being 
duly noted on the record. See Appendix X, p. 263. 


(n) Measurement of th innings. 

(62) Standard measurements should be recorded for all trees felled as thinnings 
if they do not exceed 12 in number, with the proviso of Rule 51 above. 

(63) If more than 12 trees are felled, eight or more should be selected as typical 
and measured as sample trees for thinnings only, apart from any already selected 
as sample trees for the main crop. 

Trees accepted as samples for the main crop will often not be suitable as 
samples for the thinning, particularly with light thinnings. 

(61) Where it is considered that statistical data for the first thinning are of small 
relative value as the operation only consists in removing material which would in a 
fully worked forest have been removed long before, or in clearing up the plot to 
facilitate work, only a record of diameters in 1" classes need be made. 

The local practice of omitting all measurements on such first thinning 
should be discontinued. 

The most general practice abroad is to take complete measurement of all 
trees removed in thinnings. This is particularly desirable for the larger dia- 
meter classes, of which numbers will usually be small. 

In the case of young crops including coppice, the number of stems removed 
may be too large for individual measurement but as very few measurements 
are required on each, it is not difficult to select and measure a series of them 
as samples for the thinning only. 

(65) Where smallwood and fuel are of importance, the total stacked volume 
removed in thinning should also be measured and recorded in conformity with local 
practice, and a conversion factor for stacked to solid volume determined if not 
available (ef. p. 37). 


(iv) FiKLn Records. 

{«) Situation Map, Sample Plot Form 1. 

(66) A map on a scale lm. — 1' should be prepared showing the situation of the 
plot with regard to th^jr nearest road or path and rest house or camp. The main 
topographical features should be indicated ; also the compartment boundaries, 
and any neighbouring sample plots. 

The diagram for recording -the dimensions of the plot, Rule 15, is inset on this 
map or on that referred to in Rule 67. 
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(6) Plot Chart , Experiment Plot Form 5. 

(07) A detailed map shewing the position of the trees should be prepared oil a 
scale l*~-20'. Methods are described in Appendix 1 1 (p. 141). 

If it is desired to record any detailed topography (e.g., in connection with 
some entry on Sample Plot Form 2) this may be shewn on this .Plot Chart, or 
Experimental Plot Form 2 may be utilised, being expressly designed for large 
scale survey. 


(c) Descript ion of the plot , Sa mple Plot Form 2 . 

(08) The following points should be given attention in filling this important form. 

Entry 3 - Area is not required to be recorded in the field. 

Entry 4 . — Situation should bo noted as regards the forest block and com- 
partment, the nearest road or path, and rest house or camp. 

Entry 6. Under Climate should be recorded (i) the annual rainfall and its 
distribution, (ii) winter conditions, and (iii) hot weather conditions. 

Entry f) — Type of forest should not be confused with condition (Entry 10). 

Tt is hoped to arrive at a standardised list of types of forest for 
India. When this is available, Entry ( .) should consist of the appro- 
priate standard type from this list, and any further remarks neces- 
sary to bring out special peculiarities or intermediate condition 
between two types. 

Entry 10 . — Age is only filled in for plantations of known date of origin. 

Entry 16 (a).-- -Under condition of overwood should be recorded notes on the 
density and uniformity of stocking, appearance as regards quality of 
bole, general healthiness, etc. 

Entry 16 (c).— Description of the weedgrowth should be adequate without 
becoming profuse. Standard abbreviations ( 6 , p. 92) for frequency 
should be used : wi— very abundant, a abundant./— frequent, o-~ 
occasional, r=rare, nr— very rare. A prefix / may be used to indi- 
cate that the frequency is local only, but this will randy be required 
in sample plots. The relative abundance of grass and herbage should 
be mentioned, as well as the shrubs. 

Entry It).- Remarks, Here it should be noted whether the plot is much 
grazed, fire damaged, etc. 

(d) Diameter measurement , Sample Plot Form 3. 

(G9) The following points should be noted in filling in Sample Wot Form 3. 
[As noted under Rule 40, Form S may be used in the lirst place if found more con- 
venient.] 

Main crop and subsidiary crop should be recorded on separate forms. See 
Rules 40 — 42, p. 1 19. 

Height of cross mark and two diameters should be recorded for every tree. 

Trees or stems with a common root system should be bracket-tod together. 

The month as well as the year of measurement should be recorded (Entries such 
&9 1927-28 should not be made). 
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(e) Measurement of sample trees. Sample Plot Form 7. 

(70) The following points should he noted in filling Sample Plot Form 7. See 
Rules 53 — 61 above (p. 121). 

No entry should be made in the space for age, but the number of rings and height 
of stump (measured from ground level on up hill side) should be noted just below 
it. 

Height should be recorded to the nearest whole foot only, but length of shoot 
since last measurement is required to the first place of decimals in feet at remcasure- 
ment only. See. Rule 76 below. 

All pairs of diameters should be recorded as taken, their averages being struck 
only when computing later. 

For volume measurements of timber or smallwood, entries for the stem should be 
completed first, followed by those for branches under a manuscript heading 
“ Branch.” 


(/) Classification of diameters. Sample Plot Form 11. 

(71) Classification by 1" diameter classes will usually be done provisionally in the 
field to determine roughly the grouping for computation, and lienee the approximate 
limiting diameters for which sample trees must be found. 


(v) FlKU) work for rkmkasuk emf.nt of sample plots. 

A. Full Rewmsurement. 

(73) Full remeasurement of plots should be done at 10-year intervals, except 
that full measurements will always be made when a thinning is done (aide Rule 
27, p. 117). 

(74) Rcmeasurcments should be done as far as possible in the season of vegeta- 
tive rest. 

(75) All tree measurements prescribed for the first measurement should be taken 
at a full remeasurement and crown classes should be assessed anew. 

When reeallipering a plot, watch should be kept for trees shewing unusually 
high or low increment at .1 these should bo recheeked. 

Diameter measurements of trees marked for thinnings are recorded in the 
right hand column ol the original Form 3. 

(76) For trees with annual rings, the length of the leading shoot put on since 
the date of the last measurement should be found by cutting off the top in short 
sections till it shews a number of rings equal to the number of years which have 
elapsed. It should be recorded in feet, correct to one place of decimals, from the 
beginning of he rro.'tli of that year. 
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(77) The cross marks and numbers should be repainted. No new trees should 
be cross marked or numbered except in the- case of a plot hitherto unnumbered. 

(78) The boundary trenches and corner posts should be repaired as required. 

(79) The sides and diagonals of the plot should be remeasured by way of check 

B. Interim Remeasurement. 

(80) If after a 5-year interval, a full rorneasurement is not due, an interim should 
be made recording— 

(i) Diameters of all standing trees. 

(ii) Height of selected standing trees. 

The above Rules 77 and 78 will also be followed. 


(vi) Computations for first mkasukkmknt. 

The procedure which has been accepted for computation of the held data from 
sample plots is the Height and Form Factor Curve method. It was adapted from 
Scliwappach’s procedure in use at the Prussian Forest Research Institute by 
S. II. Howard (9) to meet Indian requirements, and was accepted by the 
Silvicultural Conference of 1918. (10, p. 3) being also approved by the Hoard of 
Forestry in 1919 (II, p. 37). Some details have been further modified, (7 y 
p. 147 and p. 118), but no important part has been changed. 

Tho most significant departure from Seliwappaeli’H method is Iho different iut inn of timber 
and smmllwood with an arbitrary dividing line at 8" diameter over hark, particularly in that 
a separate form factor is calculated for each. It is believed that this was primarily introduced 
to meet the wishes of territorial officers who felt that in India, wood under 8" diameter was and 
would always remain of relatively trilling importance. From the theoretical point, of view, 
this step is questionable. 

The only other criticism calling for mcminn concerns the quest ion of crop height . It is pointed 
out that the average crop height as now calculated is only a mathematical conception impossible 
io visualise, that the height of the top group depends on the limits of the group, themselves 
often dependent on availability of sample trees, and that the average height of the dominant, 
trees should bo determined and used. As however, this matter does not necessarily affect the 
accuracy of the crop volume calculations, and is more, closely connected with yield tables, it is 
dealt with under that head on p. 23fi. 

Alternative methods of determining the volume of the crop on sample plots sre the Volume 
Curve and Form Quotient methods. The Height and Form factor method is preferred to the 
volume method because the analysis of volume into two of its factors gives greater chances of 
detecting and reducing errors, and so should give greater accuracy. The Form Quotient method 
lias not been tried out in India. 


(J) Area of Plot. 

(1) The area of the plot is calculated front the field measiuemonts of the sides 
and diagonals and their slopes, by reducing all lengths io their horizontal projeo 
tions, and computing the area of the triangular portions. The field measurements 
are shewn on a small diagram inset on the filiation Map, Sample Plot Form 1, or 
the Plot Chart, Experimental Plot Form 5. Set; Field Rules 13-15, p. 115. 

The slide rule will be found of very great assistance for rapid computation 
of plot area. 

r 2 
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First, for any side a at a slope of 0°, read sin (90° — 0 °), and with one setting 
of the slide, end the horizontal projection, a urn (90°- 0 °), and note it on the 
diagram. Repeat this operation for all sides of all the triangles. Thus for 
side 4 — 3, sin (90°— 21°) - Sin 69° - -9336. 

90' X *9336 --84'. 

The areas of the triangles are then obtained by using the formula, Area 
= \/ s (s —a) (s —b) (,s * s being half the sum of the sides, a , 6, e. As the 
result will be in square feet, it is divided by 13,560 to give acres. There is 
need for care with regard to the position of Hie decimal points, particularly 
liefore extracting square roots. 
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(21) Sample Tre^Calculalions. (Sample Plot Forms 7 and 4.) 

(2) The following computations are made and noted on Form 7. 

(a) All pairt: of diameters are averaged to one decimal place. 

For d ameters oilier than d. b. h., 0-05 is taken alternatively as 
h'l and 0-1. 
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(b) Tlic sectional areas required are read from tables (of. p. U »7) to 4 decimal 

places. 

(c) The volumes of cylinders required are obtained by multiplying sectional 

areas by lengths of sections ; they are ftileulated correct to 4 decimal 
places. 

(d) Volumes of timber and small wood sections are separately totalled. 

(c) Form factors for timber and smallwood are obtained by dividing the 
volume of each by the volume (already cut- red in the Remarks 
column) of the cylinder erected on the breast height basal area of the 
tree up to its total height. 

(/) Total age is determined by adding to the recorded number of rings on 
the stumps, the allowance corresponding to the stump height as 
standardised for the species. 

(//) Hark per cent, is obtained by multiplying the difference betweeu sectional 
area over bark and under bark at half-height by 100, and dividing 
by sectional area over bark at the same height. 

(h) Bark thickness at 4' 0" is half the difference between the average 

diameters over and under bark. 

• 

(tf) ^ summary is made on Form 1 by copying the entries required directly 
from the Forms 7 of the several sample trees. 


(C) Aye Curve. 

(I) The points for age from the sample trees are plotted against diameter on a 
scale suitable for reading age to the nearest year, conveniently 1"~H) years and 2" 
diameter. Curve L, following p. 169. 

(5) The best freehand curve is fitted over the points and re; vised after rejection 
ot such points, if any, as are considered abnormal. 

The curve for plantations will usually la? slightly curved lur the lower diameters reaching a 
constant, value for tHfc higher, in natural regencrat ion this uniformity does not prevail, and the 
curve may he of various forms. 

r l he? curve cannot ho roust routed for species without sat is fair lory annual rings of grow tin For 
determination of crop age with such species see sub-chapter ix below, p. 1 3b. 


[Jj) lleiyht curve . 

(<i) Tin; values from the sample trees for average <1. I>. Ji. and total height are 
plotted on squared paper on a scale adequate to give readings to flic nearest £ foot 
(usually ¥ to each 1 " diameter and 1" to 10' of height). 

(7) Any additional heights measured under Field Rules 4b and 49 arc similarly 
plotted usiug distinguishing symbols. 

(8) The best fitting freehand curve is then drawn over the points — Curve II. 

it should be remembered that this curve has no » r.uneeiioii with that, re presenting chunge 
in crop height with age, and follows quilt* a different course : when the crop is truly even-aged, 
there can obviously be no question of correlation of height or diameter with age. The curve 
(often nearly straight) usually cannot be easily extra polated to pass through the origin. 
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Some points may have to bo considered for rejection (of. p. The value of pairs of points 
and the importance of having a suitably distributed set of points particularly for the larger 
diameters, will he apparent-. 


(E) Form factor Curves. 

(9) The form factors of flic sample trees recorded on Form 4 for Stem timber, 
and Stem smalhvood are plotted against diameter. Total smallvvood points are not 
plotted direct; instead, the values for branch small wood are plotted, measuring 
not from the plotted stem smalhvood point of the tree in question, but from the 
corresponding point on the stem smallwood curve constructed under Step 10 below. 

If there is any branch timber, total timber form factors an. 1 obtained by the same 
method as total smalhvood form factors. 

With species for which branch smalhvood has been standardised, the corre- 
sponding points and curves are not required. 

The sample plot of Example 35 happens to have no branch smalhvood. 

(10) Best fitting freehand curves are then drawn over the 3 or 4 sets of points. 
Trees rejected for height are given less weight for form factor, and other points 
may have to be rejected, since a satisfactory height value does not necessarily imply 
satisfactory form. 

The timber curves must, originate from the neighbourhood of 7.]" d. 1). h., 
and the smalhvood and total stem wood curves from the neighbourhood of 
1£" d. b. h. The timber curves normally rise at first rather rapidly and then 
flatten out -only in exceptional cases should any maximum be apparent. 

The smalhvood curves normally rise very rapidly to a maximum at about 
4 to 6" according to species, and then full not quite so steeply to a low iigure, 
after which they tend to remain nearly constant. They cut the timber curve 
between 9" and I T. 

The total smalhvood curve will obviously be coincident with the stem small- 
wood curve until branches oven* 2" diameter are formed, usually at a diameter 
of about 11'— -11' lor conifer < and i\" 9" fur broad leaved trees, and then slowly 

diverges from it. 

The curved values for stem timber and stem smalhvood form factors can be 
totalled and cheeked against the total slemwood form factor curve, any signi- 
ficant difference being reduce! by mutual adjustment of the curves. It has 
been found in practice, however that litt le or nothing is to be gained by this 
procedure. 


(F) Ulawnjication and grouping. 

(11) The main crop dimeters are classified by l" diameter classes, the two 
diameters for each tree being treated as (hough independent. Sample Plot Form 

11, p. 211. 

Note that in the 13" class, for example, are included all diameters between 
12-5" and. 13-4" inclusive. 
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(12) The diameters are then grouped with the help of the table and instructions 
on p. 143 — 5. 

The diff erences in accuracy between the many methods brought forward are all small and 
probably within the errors of sampling and measure in exit. The method given here is followed 
as it keeps together at successive re measurements the same number per acre of the largest dia- 
meters, so that the history of say the best 50 stems per acre is kept in view throughout : even 
when the group of 50 is subdivided, it is only factorised and so can be simply res! o red by totalling. 

The details of tho method itself, it h interpretation, and its application in India have varied 
considerably. 'Tlio acreage basis appears to ha\e dropped out in the previous Statistical (’ode 
and as it is tho main justification for the method, it has been restored. The ruling of an arbi- 
trary line after tho 8* class also confuses the issue, and the procedure here adopted attempts 
to adjust this to some extent. Inadequacy of sample trees sometimes results in enforced depar- 
ture from this standard procedure, when tho mean diameters of tho groups fall beyond the limits 
between which the curves can be drawn from the sample trees. 

It will sometimes happen that a single diameter class will be subdivided into more, than two 
groups, so that the same values for group diameter, etc., are repeated. No inaccuracy is however 
introduced and so little extra work that it is not worth varying the procedure for such eases. 

(13) The subsidiary crop is similarly dealt with separately from the main crop. 

(G) Calculated Mean Trees. ( Form J, p. 160.) 

(14) The basal area in each diameter class is looked up in the tables and recorded 
(Col. 3). 

(15) Tile total basal area of each group is obtained by totalling the areas in the 
included diameter classes (Col. 5). 

(10) The mean basal area for the group is obtained by dividing the. total by the 
number of diameters (Col. 0). 

(17) The corresponding diameter is extracted from the tables (Col. 7). 

(18) The height corresponding to this diameter is read from the Height curve 
to the nearest whole foot, and recorded in Col. 8. 

(19) The form factors for the same diameter are read from the form factor curves 
to 3 places of decimals, and recorded in Cols. 9-11, 

(//) Volume (Form <5, p. 160). 

(20) The volumes arc* calculated to 2 places of decimals as the product of basal 
area, height and form factor; thus, Timber volume— Col. OxCol. HxCoJ. 9; 
17G-2G=7-5324 X 75 X *312. 


(J) Crop Data (Form 0). 

(21) The remaining entries on Form 5 are completed as follows 

(а) Range of diameters. — From Col. 1. 

(б) Number of diameters. — Total of Col. 4. 

(c) Total basal area. — Total of Col. 5. 

(d) Average basal area. — Total basal area divided by number of diameters. 

Col. G. 

(e) Average diameter — From average basal area with help of tables. Col. 7. 
(/) Crop height. — By applying Lorey’s formula to the basal areas (tf lf s t> s Z9 

etc.,) and heights (A,, h 2 , h 3 , etc.) of the groups. Col. 8 

h - gA + 

»1 + « 2 + *3 + 
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( g ) Total volumes . — Totals of Cols. 12, 13, 14. 

(h) Crop form factors . — By dividing the total volumes by the crop height 

and total basal area. Cols. 9,10,11. 

( K ) Crop figures per acre ( Form 6, p. IS ). 

(22) Form 6* is finally filled in as follows. 

(a) Heights, form factors and diameters are copied direct from Form 5. 

(b) Number of stems, basal areas (1 decimal place) and volumes (nearest 

cubic foot) are derived from the corresponding entries in Form 5 
divided by twice the area of the plot (to 3 decimal places of an acre). 

Two diameters have been taken for each tret*, doubling the number 
of trees. If branch smallwood volume has not been calculated 
(vide Rule 54), no entry will be made in Cols. 10 and 17. The 
percentage relationship of branch smallwood to stem should also 
be recorded under the branch smallwood volume entry if this 
latter has been made. 

(r) The age of the crop is read against the average crop diameter from the 
Age curve. 


(L) Mixed Crops Procedure . 

(23) Trees of a subsidiary species for which separate sample trees have been 
measured, are dealt with separately throughout the computations (<*f. Field Rule 
50). and similarly for the several species in a mixed plot. In other cases, trees of 
subsidiary species are included with the main species throughout the calculations. 


(vii) COMIMJTATIONS AT 11KMKA8UREMKJNT TOK TREES WITH AN ft UAL KINGS. 

(Back check method.) 

Errors in sample plot measurement are primarily connected with the selection 
of sample frees. Increment is determined as the difference between the volumes 
calculated at the two measurements with the aid of the sample trees and big percent- 
age errors in this difference will commonly occur and indeed are to be expected — 
unless tin; errors of sampling happen to be similar in extent and direction. To go 
some way towards getting over this difficulty, a procedure has been adopted by 
which botli sets of sample trees are combined, and the errors to some extent 
distributed. 

The method is to utilise the available data to bring the old sample tree figures 
up to date by adding the Increments they should have put on in diameter and height 
(and theoretically in form factor also), had they been allowed to grow on till the 
remeasurement. The double set of sample trees is then utilised for drawing the 

* Tlw heading fur col o mu H> on Form (i requires to be altered to read “ Branch Smallwood ” 

instead of ** Total *\ v * 
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curves for both measurements as explained in the following sections and exem- 
plified on pp. 158 — 183, and Curves VT to VIII. 

Objection may be raised against the method on the ground that the procedure of adding 
increment to sample trees of the previous measurement does not render them acceptable as 
sample trees for the crop at remeasurement. For a given class, the sample tree increases not 
only by growth in diameter and height, but also by the elimination of weaker stems removed 
in thinnings, and so the points on the height curve representing heights of “ brought, up ” trees 
fall below those for the sample t rees at remeasurement.. So if the choice of sample trees is correct 
for both the measurements, back check means loss rather than gain in accuracy of results. 

Again if incorrect choico of sample trees is assumed for both the measurements, the errors 
will cancel or average out only if they are normally distributed as between the two sets of trees 
— an assumption which often cannot be justified considering that sampling is done by different 
persons, under different conditions and at different times. 

Lastly, admitting that improvement in accuracy results from the method in eases in which 
positive and negative errors affecting the choice of sample trees can lie assumed equally frequent, 
the utility of the method may still be open to question on practical grounds. 

It should be noted that, the difference between the two plot volumes (i.e., the increment) is 
not used in any of the later steps of yield table compilation as here described, but individual 
plot values for each quality arc averaged by decades. The errors involved are thus evened out, 
provided the number of measurements is adequate. It is in increasing the number of measure- 
ments by laying out new plots and making remeasurements and so filling the gaps and defici- 
encies in the existing plot series, that the true solution of the difficulty lies; the back cheek 
method will then become unnecessary. 


(A) Area . 

(24) It is advisable to recalculate the area by way of check. If the discrepancy 
of the two calculations exceeds 2 per cent., the figures affected in Form 0 should be 
corrected : this need not be done for smaller differences. 


(B) Sample Tree Calculations . 

(25) These are made exactly as at first measurement (p. 120). 


(C) Diameter Increment Curve. 

(26) The steps in the constructions of this curve. Curve IV, are the following 

(а) Classify and group the new main crop diameters as usual (p. 213). ‘ 

(б) Classify the diameters which the trees still standing had at the previous 

measurement (p. 215). 

(<;) Group the previous measurement diameters of the trees now forming the 
main crop into groups of the same number of diameters as for the 
remeasurement (p. 215). 

(i d ) Classify and group the new subsidiary crop diameters as usual (p. 214). 

(c) Classify and group the previous measurement diameters of the trees 
forming the new subsidiary crop (previously part of the main crop) 
into groups of the same number of diameters as for the remeasure- 
ment, i.e., as under ( d ) above (p. 216), 
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(/) Fill in Cols. 1—5 of two Forms 5 for the two sets of measurements of the 
trees forming the main crop at remeasurement (1925 on p. 162, 1920 
on p. 166) another for the earlier measurement of the trees transferred 
to subsidiary crop at remeasurement (p. 168) and a fourth for the 
tmbsidiary crop at remeasurement (p. 164). 

The calculations of the two parts of the previous main crop are 
done separately and then combined, as shewn in the example. 

(g) To the Totals column for the previous measurement, add in the total 
number of diameters and total basal area from the Form 5 for earlier 
measurements of the new subsidiary crop, thus obtaining main crop 
figures for the previous measurement (p. 166). 

{h) Fill in Cols. 6 and 7 in all Forms in the usual way, except in the Totals 
line of earlier measurements of the new subsidiary and main crops, 
where entries are not required (p. 166, 168). 

(j) Average diameter for each group at the two measurements is available 

from the two Forms for new main crop only, and the differences give 
the increments during the period between the measurements. 

It may be noted that the increments so deduced do not refer to identical sots of trees 
at the two measurements. The trees removed as thinnings at reineasurement will show 
a smaller increment, and such trees would mostly not be suitable as sample trees ; 
they are therefore not utilised for the increment curve. 

(k) Plot these values for increment against the diameter at previous measure 

ment, and fit the best freehand curve over the points. (This usually 
gives a straight line rising slowly with diameter.) Curve IV. 

(l) Bring the old sample trees up to date by adding to their diameters the 

increments corresponding to the latter as read from this curve. See 
table with Curve IV. 

. (D) Height Increment Curve. 

(27) This curve, Curve V, is obtained thus : — 

(а) Plot the height increment of the new sample trees since last measure- 
ment from Col. 5 of Form 4 against diameter, and fit the best freehand 
curve. 

It should be noted that-, unlike diameter increment, height increment is plotted over 
the remeosurement diameter, not over the previous diameter. 

(б) Read to the nearest foot from this curve the height increments since the 

previous measurement for the diameters of the old sample trees 
brought tip tty date under Step 26 (I) above, and add them to the 
measured heights then recorded, thus bringing height also up to 
date. See table with Curve IV. 

(E) " Height Curve. 

(28) Plot together the heights against diameters for the new sample trees and 
the old ones thus brought up to date (using different symbols for the two sets of 
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points Id* the sake of clearness), and fit the best freehand curve. This gives the 
height curve for the main crop at remeasurement, Curve VI- A. 

(29) To construct a revised height curve for the previous measurement, the 
height increment during the period is read from the curve for the average 
diameter of each main crop group at remeasurement, and by subtraction from 
the average height for the group already entered on Form 5. the corresponding 
height at the commencement of the period is obtained. The average diameters 
at the previous measurement for the same groups is also already available from 
the corresponding Form 5, p. 16G ; see table with Curve IV. The reduced heights 
arc then plotted against the group diameters on the same paper, and a height 
curve is drawn for the previous measurement, Curve Vi B.* 

Sometimes tho groups for t-lie Mibaidiary crop at rerm asurement and the corresponding portion 
of the main crop at the previous measurement, may also he utilised. 

This curve should be of similar form to that first drawn, and in the case of immature crops 
will usually be a little below it, i.e., trees of a given diameter d will have a rather greater height 
at age ad-o (or a f 10) than at age n. 

Ill case of older crops, the two curves may tend to meet at the large r diameters ; errors in the 
selection of sample trees may obscure this tendency. (Crossing of the curves may result from 
exceptionally larger diameter increment, or low height increment, usually tho latter. 

(30) This curve should be checked as shewn in Step 35 below, and revised if 
necessary. 

(F) Form factor Curve#. 

(31) Tli esc curves are drawn from the data of both sets of sample trees together; 
Curve VII. 

It lias been found that the change in form factor (part ion I uly for the important larger trees) 
during a 5 or 10-year period is smaller than the ordinary errors of measurement. Jf, however, 
the form factor points for reineasureincnt show an appro iahle systematic deviation from 
those of the earlier measurement, separate curves may he dratvri and used in computations. Such 
systematic deviation need not indicate error in the choice < f trees, and may he expected even 
with perfect sampling. 

(fr) Age. 

(32) A new Age* curve, Curve VIII, is constructed as before, except that 
the previous sample trees •are also plotted after having been brought up to date 
by tho addition of the known number of years to their age and the diameter incre- 
ment as done in the table with Curve IV. Crop age is then read against the average 
diameter. A discrepancy as compared with age obtained by adding the number 
of years in the period since last measurement to the age then determined, is usual. 
If mutual adjustment of the curves can be made to remove this disagreement, this 
adjustment should be made, the age recorded at the previous measurements being 
revised if necessary. If this is not possible with due regard to the points, ono 
value should he accepted, and the other brought into agreement with it on Form 6. 


m Volume Calculations . 

(33) Form 5 for main and subsidiary crops at remeasurement (1925) has been 
filled up as far as Col. 7. The rest of the data are filled in with the help of the curves 
exactly as for first measurement. 

* Owing to a slip, tho two 1925 aamplo tims, d— 110, have been plotted at /i~67*5 inntead of 
06*5, and the point for tho sample tree of 7*6 *d and 537* on tho 1920 back -chock curve do oh not 
appear. 
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(•*54) Form 5 for the previous measurement. (1920) is similarly completed, using 
the new curves prepared for it, subject to the check described in Step 35 below. 

(•to) Height increment during the period for the average main crop diameter 
at remeasurement is read from the height increment curve, and is deducted from 
the average crop height giving a figure for crop height at the previous measure- 
ment for the trees still standing at remeasurement. An independent value for 
this can be obtained by the application of Lorey's formula to those trees, and 
the two figures should agree within a foot ; if they do not agree, the height curves 
for the, previous measurement must be revised till they do. This calculated value 
should be entered in square brackets in the summation line for Col. 8 of Form 5, 
as done on p. l(i(i. 


(J) Crop figures per acre. (Form G). 
(36) Form 6 is then tilled in. 


(«) Figures for the remeasurement are filled in exactly as at first measnre- 


(/>) 


(') 


merit (Step 22). 

higures for the main crop at previous measurement are corrected in red 
ink to those now obtained by recalculation, 
iigures for the subsidiary crop at previous measurement remain un- 
changed. 


( K ) Crop Increment Data (Form 6). 

(37) The increment columns 30—33 arc completed as follows : — 

(</) Periodic basal area increment (Col. 30) is obtained by subtracting the 
main crop basal area at the. previous measurement (Col. 13) from the 
new total crop basal area (Col. 28). 

{/>) Periodic mean basal area increment (Col. 32) is obtained by dividing 
the figure just entered for the period, by the number of years in the 
period. In hx. 35, this is taken as 5 though 4.] would probably 
be more correct. 

(<’) Periodic stem timber increment (Col. 31) is obtained in the same way 
as Col. 30, by subtracting Col. 14 at previous measurement from the 
new volume in Col. 29. 

(<l) Periodic mean increment for t lie stem timber (Col. 33) is similarly obtained 
by dividing Col. 31 by the number of years in the period. 


(viii) Measurement or - Clear- eelled Plots. 

(A) Felling coi^cquent on regeneration operations <rr deforestation. 

(a) When the forest in which a sample plot is situated comes under regenera- 
tion, it slum Id f irst be considered whether the plot and its surround should not be 
excluded from the fellings for collection of growth statistics for a further period of 
years, or as a, reserve for its aesthetic and scientific value (sec Plate X and (7) Proe. 
Silv. Couf., 1929* Item 22), or for other purposes. 
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(b) If it is decided to abandon a plot to permit of regeneration operations or for 
any other purpose, the opportunity should always be taken for measuring all 
trees, and thus providing an exact knowledge of the final yield of the plot and a 
valuable check on the sample tree method in its local application. 

(c) In such cases, sample trees should be selected in the usual way before the 
felling, all trees in the plot being now available for the purpose, and they should 
be measured up, and the computations for crop volume completed in the usual wav. 
The rest of the trees should also be measured up in the same way as sample trees. 

(d) If it is essential to leave a few of the trees standing as seed trees, the height 
of each should be measured with care, and form factor taken as the same as that 
of the felled tree which is estimated as most similar to it, and if they are felled within 
10 years, the extra measurement of height increment required for the back-cheek 
method should be collected to allow of the reduction of the dimensions recorded on 
felling to what they would have been when the rest of the crop was felled. 

(e) In the case of coppice crops, clear-felling will be the usual final step in the 
collection of data for the plot. The data to be collected will depend on the objects 
of management and of the investigation, but total volume should always be directly 
measured. All trees should be callipered before felling. The height should be 
measured of a liberal number of sample trees selected in the ordinary way, or, when 
numbers are not too large, may be measured on every stem. Volume will not usually 
be determined on the sample tree method, but either by : — 

1. Measuring up every stem on standard rules, or 

2. Measuring stacked volume of the whole outturn and applying a conver- 

sion factor for solid volume, or 

3. Sorting the material by classes (notably poles), and determining the 

average solid volume per unit of each class (including stacked cubic 
feet for stacked fuel, etc.). 

(B) Fellings for the special purpose of collection of data . 

In the case of short rotation coppice, and less commonly of seedling forest of 
natural or artificial origin, it may be. possible to select plots in crops of known age, 
clear-fell them, and measure up the. final yield on the felled material without resort 
to the sample tree method. The advantages are the rapidity with which the required 
data can be collected, and the elimination of the personal factors and difficulties 
of finding suitable sample trees with the sample tree method : full demarcation, 
numbering of trees and maintenance of plots is also avoided. Somewhat smaller 
plots are acceptable under this method, but fth acre should be the minimum size. 

The field work is the same as described under the last head above. 


(ix) Computation Procedure for treks without annual kjncss. 

The number of species concerned is not large, as absence of rings usually implies 
climatic conditions under which the forests are of mixed species, so that pure even. 
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aged crops are unusual, fihorea was formerly included, but it was later decided 
that though the counts were none too reliable, they were at least serviceable. Of 
the oaks, Quercus dilatata at least has discernible rings and Quarcus incana is at 
the moment the only species without rings for which an indirect determination of 
age is called for with any urgency. 


(A) Age. 

Method 7. — An estimate of the age of a crop (or a diameter class in a crop) can 
be determined without reference to any other plot, provided at least two remeasure- 
ments have been made, by calculations based on the growth per cents, during the 
two periods. 

The calculations are based on the assumption that growth per cent, p is a 

Kf _ 

hyperbolic function of diameter, so that p where K is a constant, d is 

the diameter and s an exponent which can be evaluated as follows : 


1 Sd 
d St 
1 M 
d St 


p (by definition). 

Tv 

— = (by substitution lor p). 


d-bSd = KSt. 

d 8 

— -- Kt c (by integration, c being an integration constant). 


d 8 

— Kt (The value of c being negligible, since when t ---0, d is also 
zero) : Equation (1). 

Pi d" = pa dg (Where p^ p 2 are the growth per cents, during the two 
=• K periods from the two initial diameters d 3 , d 2 ) : Equation 2. 

t = — — (by substituting pd 8 for K in Equation (1) ; p is known 

p. e. from the original data) : Equation (3). 


log p 2 — log p, 

8 = ioc d " iotr d." lo g arithms in liquation (2) J : 

® 1 ® :: Equation 4. 

The method has been checked on six plots of known age of Pinna longifolia 
and Ccdrus I) odstra, and gave the age correctly within 4 years ; with plots 
of Quercus incana , it. gave values close to the best available estimates. 


The actual computation is done as follows : 

(1) Calculate the average diameter d a of the top group of diameters for the 
plot, coimmiitig group 2 with it if group J has less than 20 dia- 
meters for the last (or third) measurement. Actually the diameters 
of all dominant and co-dominant trees can be utilised in the same way 
(vide Ex. 3G, p. 137). 


f The estimate £'f age derived, from this equation may be improved by the addition of a constant, 
the value of which will vary slightly with different species. 
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(2) Calculate the average diameters d 3 and d, of the corresponding groups of 

the same number of diameters for measurement 2 and measurement. 1. 

(3) Express the increases dj to d 2 and d 2 to d a as percentages, pj and p 2 . 

If tables of logarithms to the base e are available, the calculation of p x 
and p 2 can be simplified. 

1 8d 8 loge d 
P ’ = *d 8t “ 8L 

So to get pi, take logarithms to base e of d t and d 2 , subtract, and 
divide the difference by the number of years in the period. 

(4) Substitute these values in Equation (4), obtaining a value for s. 

(5) Solve Equation (3) for each of the values of p, obtaining values for t 

for the ages corresponding to <1, and d 2 . 

The difference t t — should approximately equal the known interval 
between the measurements. 

(6) Repeat for the second and third groups with not less than 20 diameters. 

(7) Select the best value of t v remembering that the best result is to bo 

expected from the first group. 

Very often inaccuracy is introduced into the calculation of p liy flic fact that the period of 
remeaaurement does not correspond to an exact number of growing seasons : if measurement s 
have been taken during a growing season, an estimate of the actual number of growing 
seasons (fractional if necessary) which have elapsed, Bhould be used. 

When more than threo measurements arc available, they should all be combined and the value 
of s determined by the method of least squares, using the equations 

£ y — - x -f So \ Whore y = log p 

E xy = — s X x a + c £ x s x = log d 

o es log k 

Ex, 36, The average diameter of dominant trees , S, P, 6, Naini Tal division , United 
Provinces , Quercus ijica.ua, calculated, for the three measurements made in 1911, 
1916 , and 1921 , is 5*4”, 6-0* y and 6*6". Required the age of the plot. 

Average diameter, d. log e d S log e d p. 

5 - 4 — 1-68640 ) 10536 . 0 2 i ()7 

6- 0 — 1-79176 

6-6 — 1-88707 } ‘69531 -01906 

log -02107 — log -01906 
8 — log 6-0 — log 5-4 
•04354 
~ -04576 
= -951 

* = Age in 1911 = 

==j50 years. 
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Ages of other plots worked by the same method are tabulated below 



Sample Plot Number. 


Initial year. 

Best avail- 
able estimate 
of ago. 

Calculated 

age. 

Difference. 

West. Almora 

Pinits longifulin. 

38 ... 


1010 

10 

12 

—4 


37 .... 

• 

1010 

17 

18 

-M 


33 .... 

• 

1910 

23 

20 

+ 3 

Lcnvcr Bashahr 13 . 

• 

1914 

20 

23 

—3 

Kaunli 

1 . 

• 

1912 

30 

28 

—2 

Kanikhot 

Queri'tis inenna, 

19 . 


1910 

21 

22 

-1-1 


20 . 


1920 

21 

17 

—4 


21 ... 


1912 

19 

18 

—1 


22 .... 


1912 

20 

14 

— 6 


23 ... 


1920 

20 

18 

— 8 


24 . 


1910 

20 

19 

— 7 

Kaunli 

2 . 


1912 

30 

22 

— 8 

Kuhl 

CeArvu Drodara. 

2 . 

• 

1914 

48 

50 

-f-2 


Method II .— An independent estimate of age can be obtained after one remea- 
surement from the combined data of a number of plots which can be taken to be 
approximately the same quality on any acceptable standard, provided they cover a 
fairly wide range of diameters, and the approximate age of any one of them can 
be estimated. 

The method is based on the assumption that on otic locality quality, the diameter increment 
of the bigger trees in a plot, i.c., those which have grown and are growing with relatively little 
interference from their neighbours, will be a funct ion of the diameter. By combining the incre- 
ments during the remeasurement interval for the trees in the same diameter classes of the several 
plots, taking x per acre in each, the relation of diameter at the two ends of the interval can be 
determined over the whole range of diameter. From this relation, it is simple to plot, diameter 
against time, but the age of at least one plot is required to fix the zero point for time. Age is 
then read from this cutvo against the average diameter of the biggest x trees per acre in the plot. 

Trials with ring firming species have given the best results working with 50 
trees per acre. The. average diameters of the biggest 50 trees per acre of the first 
measurement of the plot are written down by 1" diameter classes, and against them 
the average diameter attained by the same trees at the second measurement. Each 
pet is totalled and averaged for each diameter class. (The remeasufejnent interval 
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must be the same in all cases ; if not, it must be proportionally adjusted). This 
is done for each plot accepted as of comparable quality class, and a general average 
diameter (D a0 ) determined for each. Second diameter is then plotted against initial 
diameter for each 1" class and the best fitting freehand curve fitted over the points. 

The. same procedure has been utilised for data from increment-borings, see Ex. 33, 
p. D9, and the accompanying curves. 

It is probably best to draw the curve for each plot separately first and then 
run a general curve over the several plot curves. 

Then, starting from tin; lowest acceptable diameter, d (J , on this curve, the diameter 
dj reached after the remeasurement interval is read off ; next d a , reached in the 
same number of years after d, . and so on, for the whole length of the curve. These 

values d 0 , d t , d 2 are now plotted against time, each pair being separated by the 

same time interval, and a smooth curve drawn. The zero for time is then shifted 
so that the average diameter of the 50 biggest trees per acre on the plot of known 
age corresponds to that age, and the curve is extrapolated to zero. The age, of all 
other plots is then read olf against the already determined average diameters (D b0 ). 

The application to the individual plots will evidently depend largely for its accuracy on the 
range of quality included in the plots combined. 'Hie narrower this range the. better, and so a 
group of closely adjacent, plots easily compared is preferable if it can be obtained ; on the other 
hand, it is preferable t hat any mistake in placing zero age should be t-lie same for all plots, and not 
ditTerent for ouch local set . 

A method based on the same considerations as used in this section, has been suggested foi 
testing the comparability of quality class as between the several plots, but. the opportunity haH 
hitherto not occurred for applying it,. 

Ex. 37 - Tint age of Nainital division Sample Plot 6 of Quercus incana as 
deduced on this method is 48 years , which may be compared with the result with 
Method /, given in Ex. 36, i.e 50 years. 

Tlie ages of some of the plots of Pinus longifolia referred to in Ex. 36, give the 
following values on this method : 


% 

Plot No. 

■ 


■ 

Ago on 
Method 

IT. 

West Almora 


38 

16 

12 

15 



37 

17 

18 

17 



33 

23 

26 

26 


(X) Register of Sample Plots. 

In order to facilitate cheek of the number of plots laid out and maintained in 
each division and the years in which they are due for remeasurement, a record is 
maintained on a Form giving this information. An example is given below. The 
last column is filled in in pencil. 

K 
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United Provinces. 

Chakrala Division. 


l>At»* Of 
a liMsIiiiiriit . 

1 

tly wIitiTn 
laid out . 


l.otaJil y. 

N mu 
ol 

l»ATK Ol- sritSMjllKXT 
m r.N'i'i. 

M KVSl’KK- 

Duto lor 
iirxt iiit-asim* 

Plot. 

3lld. 

3rd. 

41 h. 

lllflll . 

hrfobrr l'.H2 

K. It . 1. 

IVdrus hcmiaru 

Al ii u d a I i, 
Compl. 1 r 

l:t 

( MoIut 
ioi ;. 

May l«J33 

May 10*J7 

1033 Hot 
\vvatl»*r. 

Jiiue 1 VM . r > 

Do. . 

ho. 

Ka u a ^ a r, 
(.Voii pi . 7. 

JH 

.May 10 J 0 

May 11)35 


1 030 Hot 

wi-atlar. 

l)o. 

Do. . 

ho. . ; 

K u ii a s a r, 
Couipt. 10 

10 

hu. 

ho. 


ho. 

Do. 

Do. . 

dlKTelH SrlllO- 

rurpifoliu. 

l> f o l.i a ii, 
Compl. 0. 

‘JO 

ho. 

ho. 


ho. 

•f line 11)34 

!*rovliii‘iul 

Stutf. 

ho. . 

Dp o b ii n, 

t.'OJl) pt . o. 

43 



•• 

ho. 

May l!»2M 

r. it. r. 

Pinna f.Vv'Hsa 

K a ii a hui, 
(’ompt. 7. 

I 




1033 May. 

ho. 

ho. 

ho. 

ho. 

|SE.J 




ho. 

ho. 

| Do. 

iVdrti.s hiaidnni 

K a it n s a r, 
Compt. 10. 

; ■ 

■ 




Do. 
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APPENDIX II. 

Preparation of the Plot Chart. (See Rule f»7, p. 123. 

I. Triangulation Method. 

The method of triangulating with a tape by determining the flint unco of every tree fiom two 
previously fixed points starting with one eorner jjosI and any convenient point on tin boundary 
line, is very simple and fairly quick for level or evenly sloping plots ; it is however not suited 
to plots of irregular c ontour. As mistakes are easily made and carried on. it is essent ial to pi epniv. 
the map at the same time and check the position allotted to a tree on the two measurements 
by another to a third fixed point at frequent intervals. The procedure is appended. 

(1) Draw the outline of the plot (actual measurements) on squared paper on a scale 1"— 

20', with one of the sides along the ruling. 

(2) Starting from one corner post and a convenient point on one of the houndnf y lines 

about fit)' distant, measure* the distance from these two points of each conveniently 
situated tree, in straight lines, the ends of the tape being kept at a height of 4$' 
above ground in all eases. 

(3) Strike two arcs with radii equal to these two measurements from the two fixed points, 

their intersection giving the position of the free, which is marked by its number. 

(4) The triangles thus measured should not have any angle much exceeding 120° or less 

than 30". 

(5) All trees quite near the boundary line should be checked by their perpendicular 

distance from the line. 

(fi) On completion of the mapping of all the trees conveniently reached from tin* first two 
fixed points, one or both of the latter is changed for another eorner or fixed point, 
on the boundary, and the work continued. 

(7) When more convenient, any tree already mapped may be used as one of the fixed 
points, provided its position is checked as in (S). 

(S) A check is essential, particularly when the measurement is taken from one tree to 
another, to avoid carrying on an error which has been accidentally ini induced. 
This is possible by taking an additional measurement to any previously fixed point, 
and should be applied to every tenth tree or so, significant discrepancies being' 
eliminated before carrying on. 

(f>) If the central parts of the plot cannot- be dealt with from the boundary, they are done 
from any convenient pair of tree's already mapped, but the positions of these must 
be checked and lixed beyond question. 

As a good alternative,^ new base line may he run across the plot between fixed points 
on the periphery. 

(10) Plotting on this method takes somewhat longer than Method I I for a plot with icla- 

tivcly few trees per acre, but less time for denser plots. 

(11) It is not necessary to record the actual measurements. 

77. Optical Square Method. 

The optical square lias often been used in the past. Its merit is quickness, but the map 
obtained lacks in accuracy particularly ns regards the relative positions of tries distanl fiom the 
base line. Here, too, it is highly advisable to map the readings as they me taken. The pro- 
cedure is appended. 

(a) One of the longest sides of the plot is selected as base line, and a tape or chain stretched 
along it. On hilly ground, a line of maximum gradient should be used. 

(h) Starting at one end of the base line with a flag at the other end to sight on to, the 
point is found for each tree in turn at which the perpendicular from it to the base 
line meets the latter, actual distances along the base line and horizontal distances 
from the free being recorded for each. (The direction. of the perpendit ulai v may 

K 2 
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even be estimated by eye, difficult groups being cheeked (or dealt with originally) 
with the optical square, to give a rough provisional limp if circumstances do not 
allow of anything better.) 

(c) The base line should be extended if necessary at either end. 

(d) The maximum distance from the base line to which trees should be measured is 30'. 

(e) On completing one strip in this way, the base line tape is shifted to a new position 

parallel to the first and 60' from it, and a new strip mapped, offsets being taken 
on both sides, and the. procedure repeated till the whole plot is covered. 

(f) The outline of the plot (horizontal projection) is mapped oil a convenient scale on 

squared paper (Exp. Plot, Form o), so that < he first used base line follows the ruling. 
The positions of all trees are then plotted, the distances along the base line being 
first corrected to horizon! ality when the gradient exceeds 10°. 

(g) As tho relative positions mapped will be somewhat misleading, the several base lines 

should be drawn on the map ; the offsets may also be dotted in, the length being 
noted against each if there is space to do this clearly. 

(h) The tabulated field measurements should he recorded with the map on the file unless 

entered on the map itself. 

(j) Plotting with the optical square usually takes about 1— 2 hours per 100 trees, depending 
on the nature of the plot. Regular plantations may be mapped directly on squared 
paper, the assumption being made that the plants have been accurately spaced 
at the intended distances. 
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appendix in. 

Instructions for grouping trees in Sample Plots. 

Tho total number of diameters per acre and the number per acre over 8* in the plot should 
first be determined. 

If the number of diameters over 8* is less than 25 per acre, no differentiation should be made 
at this limit ; similarly for a small number below 8*. 

The prescribed grouping for the total number of diameters is ascertained from the appended 
table and written across the page (see line B in the example below). 

Below it is written the prescribed grouping for the diameters over H" only, in sueli a way that 
as far as possible the total number of diameters to the left of any vertical column is the same 
in each lint 1 (line C). The first group of 50 should not be subdivided in this operation. 

For the diameters under 8" (line D), the first group will t ake the number necessary to restore 
agreement between lino B and line 0 for tho sum of the bordering groups of timber and small- 
wood diameters. If, however, the first group under 8" includes less trees than the last full group 
over 8", the former should be combined with the following group. For subsidiary crop, the 
residual number of diameters over 8" when less than half the previous group, should be com- 
bined with the latter ; sec example on p. 214. Those number per acre entries in line E 
should then be multiplied by the area of the plot in acres to give the actual numbers for the plot, 
line E. The total is then checked to give the correct total, as a slight discrepancy may be intro- 
duced in rounding off. 

Ex. 38. 

A. Area of plot =0-162 


B. Total number of dia- —1062— 60 
meters per acre. 

50 

50 

50 

100 

100 

100 

100 

200 

262. 

C. Number of diameter a = 747—50 

8* and over. 

50 

50 

60 

100 

100 

100 

100 

147. 


D. Number of diameters — 315== 
under 8*. 








53 

262. 

E. Groups for one acre =1062—50 

50 

50 

50 

100 

100 

100 

100 

147 

315. 

¥. Groups for plot of = 172— 8 

8 

8 

8 

16 

16 

16 

16 

25 

51. 


0-162 acres. 
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Number of diameters per acre, to be included in each group. 


Number of diameters Number of diameters Number of diameters Number of diameters 

per acre. per group. per acre. per group. 
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APPENDIX IV. 


SAMPLE PLOT FILE. 

Ex. 35. The following example is based on the 1920 and 1925 
measurements of S. P. 1, Upper Bashahr (Punjab), but for the 
sake of simplicity desirable in an example, it has been assumed 
that the plot was laid out in the year 1920, and some details have 
been altered from the original to conform with the procedure 
laid down in this Code. 
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['the map and the chart occupy pages 147*11)0.) 



F.R.I. 21 . 


F.B. 

Chaura/ 


SimpW Ho* Farm Hal. 

Map of Sample Plot No.1 > 

U. Bashahr Division Eastern Circle, Punjab. 

> 

4 Scale One Mile= 4 Inchcs. U 


56 / 

/ 

i 

! 

57/ 

TARANDA RA'NGE 

/ 

*■ S i 

%, \ 

I \ 

\ '\n V'' 


4 S 


/' 

59 


t r^ 63 

6 ° .V 61 \54 

^ \ A y ~..' Tikring Dogri 


COM P\ 127. c 


65 I,. 


Chains 


/ Chal 
/ 51?. 


I 

\ 

\ 




/ C 0 M P T- 128 d 


V/" ‘ A 

'Almore Thatck 


. 5 

A \ 


^A'/g.-impie Plot Wo i 


References 
Sxi Sting Road ’jL^sszw^ aaan 

Proposed Inspection Path, 

Compartment Boundary. / ^ 

Foot Path. KClr.L..... 

Gad . > — ^ 

Sample Plot, 







PLOT CHART. 
Scale r = 20 ft 


Experimental Plot 

Sample Plot No. 1, Upper Bashahr Division. Form 5. 

(Plane Table Survey) 
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jf. a. i. m. 

Sample Plot form So. 2. 

Description of Sample Plot No. 1 , Upper Bashahr Division . 

1. Species . — Cedrus Dcodara. 

2. Object of experiment . — Development of thinned deodar crop in volume, height, diameter, etc. 

3. Area in acres. — 0*162 (horizontal). 

4. Situation. — In Compt. 121 d, Taranda Range, on the forest inspection path from Chaura 1o Taranda 
4 miles from Chaura and 5 miles from Taranda ; 51-6 chains from Tikring Dogri. 

6. Height above mean sea level . — 7,000'. 

6 . Climate- 

fa) Mean annual rainfall. — 80'. 

(b) General— Typical West Himalayan wet zone climate. 

7. Rocky soil and humus . — Mica Schist ; Soil sandy ; humus deep. 

8. Aspect and slope . — S. S. E. Average slope 21°. 

9. Type of forest. — Pure pole crop of deodar (natural regeneration). 

10. Age of crop at first measurement. — [35] 36 years based on 1925 age curve. 

11. Date of formation.— 22 August, 1920. 

12. Interval of measurement.— 10 years with interim measurements after 5 years. 

13. Interval of thinnings.— 10 years after crop is brought into normal condition, 5 years till then. 

14. Method of demarcation. — Standard, with comer posts and connecting ditches. 


15. Method of numbering and marking trees . — Standard. 
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P. H. 1. Hi 
Sample Plot Form Mo. Z. 


10. Condition . of plot when formed — 

(a) Over wood .— Crowded in parts, whole plot being fully stocked except for one gap due to delayed 
removal of a dead tree near trees .Nos. 20 and 25. .Density 1*2. 


(6) Underwood . — Nil 


(c) Wad growth . — Very little owing to density of the crop. Ati occasional woody shrub of Indigofera t 
Desmodium , etc. A little grass in the more open patch. 


(d) Regeneration of principal species . — None. 


17. l)r.tn Us of work tarried >>ul at first formation.— -Thinned to a ‘ (' " giadc thinning (not refolded 
the area remaining overstocked. 


18. Details of treatment to be applied . — A “ 0 grade thinning when required. 


19. Remarks . — To be compared with the adjoining ft. 1\ 2 maintained with 11 B ” grade thinning. 


Signature. 


A. 13. 0. 
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f. R. I. II. 

Sample Plot Form No. 2. 

Subsequent History of Sample Plot No. 1 , Upper Bashakr Division . 


Date. 


Particulars. 


Ma^ 20th, 

1925. 


Measured and thinned “ C ” grade, still overstocked, 10 stems with average diameter 7-7* 
removed. 
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Subsequent History of Sample Plot No. 


Particulars. 


P. R, I. 23. 
Sample Plot Form No. 

Division . 
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Sample Plot Point No. 3, 


F, U. 1. 24. 


Record of diameter measurements. 


Sample Plot No. 1, Upper Bashahr Division. 




— — 


Diameters at right angle* in Inches ami decimals, and con- 1 

Trees removed and 
their condition. 




Height 

d it ion recorded in the year |D1 

Predominant. D2l'o- 





dominant., d-dominated. s-suppnsscd j. J 

Tree 

No. 

S petals. 


ineiuum;- 
im*nt is 

i 920 

1 025, 

19 

10 

10 

10 

Year. 

Diumelers at 




taken. 

Alibied. 

Slay.' 

right angles. 












4-2 

1 

iVdrus Deudarn 


4’-»r 

4> 

Thinned 





102.'. 

42 

2 

Ditto 


,, 

-£:J *»i* 

«i)u 

ft - 1 







S 

Ditto 


,, 

T 

4i ! i« 

f)-M 







4 

Ditto 



~ 1)2 b 

i>- / 

" 2 1.2ft 

0-4 











7-3 

8 2 







6 

Ditto 



JLj l>2/^ 

~~ 1 >2ft 
r / 







A 

Ditto 


,, 

±J 112, , 

~ I)2tf 

7 0 











H-l 

8'7 , 







7 

Ditto 


- 


*5 1>,n 







6 

Ditto 


•r-ir 

tr < 

4~ D2b 







0 

Ditto 


4'*0* 


5-0 












9L 







:o 

Ditto 


.. 

■55 ™« 

■Hi” 1 " 











7*3 

8-1 







u 

Ditto 


» 

T5 1,la 

__ Dirt 
70 











«■:< 

0-n 







12 

Ditto 



~2 1M " 

— • I)l« 
8-8 







13 

Ditto 


,, 

70 

W 1 * 







7-0 

14 

Ditto 


,, 

1}\ da 

7-11 

Thinned 





1023 

TO lla 

10 

Ditto 


t» 

3- 

7-8 

-5-2 1)26 











10-3 

1M 







10 

Ditto 



UK, D1 '‘ 

iT5 ” “ 







17 

Ditto 


M >■ 

4-1 

D3 8 

Thinned 





1025 

4-2 ^ 

4.4 s 

18 

Ditto 


,, 


104 . 

Dlfl 

1U1 







111 

Ditto 



TT m “ 

8-0 

8-8 1)1 a 







20 

Ditto 


M 

■s>. 

§>* 











7-7 , 

8-0 







21 

Ditto 


'» 

7 % l)2b ' 

H-3 








Ditto 



DM 

110 







22 



10*3 1)1,1 

113 Dla 







23 

Ditto 


*> 

fl-8 

7-3 

“TT D,a 








Ditto 



10-5 

31-3 







24 


” 

10*2 7)1/4 

10 0 I)la 







20 

Ditto 



11-7 

m i ma 

13-2 

12 0 7)1(1 








Ditto 



11-3 

11-0 







20 


" 

It -8 ma 

12-7 1^1 a 







27 

Ditto 


U 

±? Df6 
fl-2 

0*4 

in 







28 

Ditto 


U 

01 

or, 

or, 1,2/1 







20 

Ditto 



101 ... 
Dirt 

10-7 

-r--» Dirt 












tf-0 

10-5 








* Leader lost from snow-break. 
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V . K. 1. U. 


Record op diameter measurements. 


Snmpla Plot Form No. 5. 


Sample Plot No. 7 , Upper Bashahr Division . 
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F. It. 1. 24. 


Pint Form No. if. 

Record op diameter measurements. 


Sample Plot No. 1, Upper Bashahr Division. 
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F. B. I. 25. 


Measurements of Sample Trees. 


•Sample Plot Form Mo. 4* 



r 
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F. R. 1. 2ft. taopfe Plot Form Ho. 5. 


Volume calculation for Sample Plot No. 1, Upper Bashahr Division, dated 21st October, 1920, 

Initials M. N. 0. 

(Two diameters and double calculation throughout.) 


By diameter classes. 

By groups 

Calculated i 

mean tree. 

Volume. 


Humber 
of dia- 
meters, 


H 



l 


1 

Form factor. 


Small wood. 

Dia- 

meter. 


basal 

area. 

Basal 

aroa. 

Dia- 

meter. 

Height. 


Small 

1 wood. 

Stem 

Timber. 

Stem. 

Total. 




mm 












BB 





stem 






Inch 

class. 


Sq. ft. 
and 
dec. 


Sq. ft. 
and 
doc. 

Sq. ft. 
and 
dec. 

In. and 
dec. 

Foot. 

Timber. 

Stem. 

Total. 

Cub. ft. and dec. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 


■ 





Mam Crop , 1920. 






■ 

14 

fel-l 

2-1380 











1 

13 

l : x'~ 

4-6000 











nn 

12 

1 

0-7854 

8 

7-5324 

0-9416 

13-1 

75 

•312 

•046 

•046 

176-26 

25-99 


12 

8 

6-2832 

8 

1 6-2832 

1 0-7854 

120 

72 

•305 

•057 

•057 

137-98 

25-79 

25-79 

11 

8 

5-2800 

8 

5-2800 

0-6600 

11-0 

69 

•292 

•078 

■078 

106-38 

28-42 

28-42 

11 


5-2800 

8 

6-2800 

0-6600 

11-0 

69 

■292 

•078 

•078 

106-38 

28-42 

28-42 

11 

16 

10-5600 

16 

10 5600 

0-6600 

11-0 

69 

•292 

•078 

•078 

212-76 

56-83 

56-83 

11 


1-3200 






B 






10 

14 

7*6356 

10 

8-0556 

0-5597 

10 1 

66 

m 

•107 

•107 

157-82 

63-24 

63-24 

10 


49086 












0 

B 

3-0926 

16 

8-0012 

0-5001 

9-0 

64 

: 

•243 

•137 

•137 

124-43 

70-15 

70-15 

0 


6-6270 












8 

Hi 

0-3491 

16 

6-9761 

0-4360 

8-9 

61 

-193 

-193 

-193 

82-13 

82-13 

82-13 

8 

26 

8-7276 

25 

8-7275 

0-3491 

8-0 

57 

Jj 

B 

•289 

44-77 

143-77 

143-77 

7 

26 






i 




I: 



6 

13 










I 



5 

6 

HffTW 









■ 



4 

B 

0-6238 

61 

lU-8489 

0-2126 

6-2 

47 

0 

•407 

•407 


207-48 

207-48 

4M4' 

■ 

Bi 

■M 

78 *399 


9-1 

ISS 


•146 

-146 

1148-91 

732-17 

■ 

782-17 


II 

BH 

1 

H mm. 

1 


I 






i 
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p. R. 1. 26. Sample Plot Form No. 5. 

Volume calculation for Sample Plot No. 1, Upper Bashahr Division., dated 25th October, 1926, 

Initials R. S. T. 

(Two diameters and double enleulation throughout..) 


Ry diameter classes. 

Ry groups. 

Calculated mean tree. 

Volume. 


Number 
of dia- 
meters. 


Number 
of dla- 





Form factor. 


j Small wood. 

Dia- 

meter. 

Rasal 

area. 

Rasul 

area. 

Rmuil 

area. 

Dia- 

meter. 

Height. 


Small wood. 

Stem 
Timber. J 










.Stem 




Stem. 

j 

Total. 


Inch 

class. 

■ 

»q. ft. 
and 
dee. 


8<|. ft. 
and 
dec. 

Sq. ft. 
and 
dee. 

In. and 
dee. 

Feet. 

Timber. 

Stem. 

Total. 

Cub. ft. and doc. 

3 


3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 


1 





Main Crop, 1925. 







15 


1*2272 












14 


3-2070 












13 

|§g| 

3*0872 

8 

81214 

1-0152 

13-6 

79 

•328 

•050 

■050 

210*44 

32*08 

32*08 

13 

8 

7-3744 i 

8 

7-3744 

0 0218 

13-rt 

77 

•320 

•054 

•054 

181*71 

30*06 

30-66 

33 

1 

00218 












12 

i 

7 

5*4078 

8 

6*4196 

0-8025 

12-1 

73 

•300 

•065 

•066 

143-40 

30*46 

30-46 

32 

8 

6-2832 

8 

6*2832 

0-7854 

12-U 

> 

73 

•304 

•067 

•067 

139*44 

30-73 

30-73 

12 

7 

5-4978 












11 

0 

5-0400 

10 

11*4378 

0-7149 

11 4 

71 

•293 

•079 

•079 

237-94 

64*15 

64*15 

11 



16 

10-5000 

0-6000 

11 t) 

69 

•283 

•089 

•089 

206-21 

64*85 

64-85 

11 

2 

1-3200 






. 






1(1 

14 

7-6356 

16 

8-9556 

0 5597 

10*1 

66 

•254 

■130 

•130 

15013 

76*84 

76-84 

10 

1 

0-5454 












9 

15 

6-0270 

10 

7-1724 

0-4483 

9 1 

02 

•199 

■222 

•222 

88*49 

98*72 

98*72 

9 

6 

2*6508 



■ 









8 

25 

8*7275 

31 

1 1-37851 


8-2 

59 

•119 

■337 

•337 

79*89 

226*23 

226-23 

7 

14 

3*7422 

■ 











6 

11 

2-1593 

■ 

5-9015 

0-2361 

6-6 

52 

0 

•450 

-450 

0 

138*10 

138*10 

(T-lfT 




B 


„ 100 

68 

*253 

•130 

•139 

1437*65 

792*82 

792*82 
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F. K. I. £0. Sample Plot Form No. ft. 


Volume calculation for Sample Plot No. 1, Upper Bashahr Division, dated 25th October, 1926, 

Initials B. S. T. 

(Two dlametcre and double calculation throughout.) 


By diameter classes. 

By groups. 

Calculated mean tree. 

Volume. 


Number 
of dia- 
meters. 


Number 
of dia- 
meters. 





Form factor. 


Small wood. 

Dia- 

meter. 

Basal 

area. 

Basal 

area. 

Basal 

area. 

Dia- 

meter. 

Height. 


Small wood. 

Stem 

Tlmlxr. 


Total. 







Stem 







IHHH 

Inch 

clone. 

■ 

8q, ft. 
and 
dee. 

■ 

Sq. ft. 
and 
dec. 

Sq. ft. 
and 
dec. 

In. and 
dee. 

Feet. 

Timber. 

Stem. 

Total. 

Cub. ft. and dec. 

1 


3 

B 

6 

6 

7 

8 

0 

10 

11 

12 

13 

14 


B 


■ 


so 

bbiiuary Chop, 1025. 






i* 

■p 

1-6708 

■ 











11 

mQ 

1*3200 












9 

£ 

0-8836 

■ 











8 

■ 

1*0473 

■ 

4-B217 

0*6367 

09 


•246 

•144 

•144 

76-70 

45-13 

46-13 

7 

£ 

0-6346 










l 


0 

1 

0-1068 












ft 

a 

0-4002 



1 






! 



4 

a 

0*4366 

u 

1-6766 

1 

0-1433 

6-1 

46 

0 

•876 

•376 

0 

26*61 

26*61 

4* to 12* 


i 

i 

20 

6*8083 

0-8100 

7-7 

60 




78-70 

71-74 

71*74 

: 





# 
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V. R. 1 . 2 6 . Sample Plot Form No. S. 

Volume calculation for Sample Plot No. 1, Upper Bashahr Division , dated 25th October , 1926, 


Initials R. S. T. 

1920 calculation* back checked with 1925 (Two diameters and double calculation throughout.) 


By diameter classes. 

By groups. 

| Calculated mean tree. 

Volume. 


Number 
of dia- 
meters. 


Number 
of dia- 
meter*. 





Form factor. 


Small wood. 

Dia- 

meter. 

Basal 

urea. 

Basal 

area. 

Basal 

aren. 

Dia- 

meter. 

Height. 


Small wood. 

Stem 

Ti inl»er. 

Stem. 

Total. 







Stem 








Inch 

class. 


Sq. ft. 
and 
dee. 


Sq. ft. 
and 
dee. 

Jll 

In. and 
dec. 

Feet . 

Timber. 

Stem. 

Total. 

Cub. ft., and dec. 

1 

o 

3 

4 

5 

0 

7 

8 

9 

10 

J 1 

12 

13 

14 







Main Ckop , 1920. 







14 

n 

2-1380 












13 

6 

4-8090 












12 

1 

0-7854 

8 

7-5324 

0-9410 

131 

73 

•322 

•053 

•053 

177-00 

29-14 

29-34 

12 

8 

■ 

8 

0-2832 

0-7854 

12-0 

09 

•301 

•007 

•007 

131-80 

29-05 

29-05 

11 

8 

5-2800 

8 

! 5-2800 

0-0600 

11-0 

00 

•283 

•089 

•089 

98-02 

31-01 

31-01 

11 

8 

6-2800 

8 

5-2800 

0-6000 

11-0 

00 

•283 

•089 

•089 

98-02 

31-01 

31-01 

31 

15 

9-9000 












30 

3 

0-5454 

10 

10-4454 

0-0528 

10-9 

65 

•281 

■093 

•093 

190-79 

0314 

03-14 

10 

3(1 

8-7284 

10 

8-7204 

0-5454 

10-0 

02 

•249 

•137 

■ 

134*72 

B 

74-12 

10 

0 

2-7270 












0 

11 

4-8598 

10 

7-5808 

0-4742 

1 

9-3 

50 

•212 

•JOS 

•198 

94-90 

88-03 

88-03 

9 

0 

j 3-9702 





i 

. 






8 

7 

2-4437 

i 

10 

0-4199 

0-4012 

8-0 

57 

•158 

•280 

•280 

57-82 

104-00 

104-00 

1 

8 

17 

i 

1 6-9347 












7 

14 

3-7422 

31 

9-0709 

0-3122 

7-0 

53 

•039 

•402 

•402 

20-00 

200-18 

200- 18 

7 

10 

2-0780 

■ ■ 

■ 








l 


0 

11 

2-1693 

ill! 











5 

4 

0-6456 

E 


0-2151 

0-3 

47 

0 

•448 

•448 

0 

113-24 

113-24 

v to 14 * 



| 162 

72-0089 


■ 

*1»2) 




1004-33 

770-18 

770-18 

4' toll* 



20 

5-8310 


1 





50-90 

09-7 d 

09-76 

4" to 14" 



172 

78-4699 

6-4500 

91 

01 

•222 

•170 

•170 

1001-29 

839-94 

839-94 


• Cf. Step 35, p. 134. 
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F. it. 1. 20. Sample Plot 'form fto. i. 

Volume calculation for Sample Plot No. 1, Upper Bashahr Division, dated 26th October, 1926, 

Initial* R. 8. T. 


1020 calculation! back checked with 1025. (Two diameters and double calculation throughout.) . 


By diameter classes. 

1 By groups. 

Calculated mean tree. 

Volume. 


Number 
of ilia- 


Number 
of dia- 
meters. 





Form factor. 


Small wood. 

Dla* 

meter. 

Basal 

area. 

Basal 

urea. 

BshbI 

area. 

Dia- 

meter. 

Height. 

.Stem 

Timber. 

| Small wood. 

Stem 



meters. 


Stem. 

Total. 


Stem. 

Total. 



8q. ft. 
and 
dec. 

■ 

8q. ft. 
and 
dec. 

Sq.ft. 

aud 

dec. 

In. and 

dec. 

Feet. 

■ 



Cub. ft. and dec. 


2 

3 

B 

5 

0 

7 

8 

I 

10 

11 

12 

1 18 

1 M 



■ 



Main Crop, 

1920-couM. 






11 

8 

J 












10 

1 

0*6464 












0 

ill 

0*8886 


« 










8 

2 

0*0082 












7 

i 

...i 

0*2673 

9 

4*3746 

0*4801 

9*4 

60 

•217 

*187 

•187 

60*90 

49*08 

49*08 

7 

M 

0*2078 

B 









B 


6 

2 

0*8020 

fl 





1 




B 


6 

2 

0*2728 

1 









B 


4 

8 

0*6288 

1 


0*1824 

4*9 

40 

0 

•366 

•865 

1 ° 


20*08 

4* toll' 



20 

6*8810 




* 



60*90 

69*70 

69*76 





f . 

VT* 








«K. 


(The curve* occupy payee 269—181.) 
















































SAMPLE PLOT NO. 1, UPPER BASHAHR DIVISION 
Cedrus Deodara 


1920 Age Curve. 


Curve I 




















































































































SAMPLE PLOT NO. 1, UPPER BASHAHR DIVISION. 
Codons Deodara. 












































INCREMENT IN FEET. 


SAMPLE PLOT NO. 1, UPPER BASHAHR DIVISION. 
Cedrus Deodara 

Diameter Increment Curve, 1920-25. 


Curve IV. 



0 4 5 6 7 8 9 10 11 12 13 14 

DIAMETER IN INCHES,1920. 








SAMPLE PLOT NO. 1, UPPER BASH AHR DIVISION. 
Cedrus Deodara, 

A. 1925 Height Curve. 


B, 1920 Curve derived from Curve A. 


Curve VI 



0 4 5 6 7 x 8 9 10 11 12 13 14 

DIAMETER IN INCHES 





























SAMPLE PLOT NO. 1. UPPER BASHAHR DIVISION. 
Cedrus Deodara. 

Combined (1920 <fc 1925) Form Factor Curves, 


A. Stem timber 



$ Do. 1920 



AGE 


SAMPLE PLOT NO. 1, UPPER BASH AHR DIVISION 
Cedrus Deodara. 


1925 Afie Curve. Curve VIII 
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k. it. r. *7. 


Record of Periodical Volume 



Sample Plot No. 1, 
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f Sample Plots. 


' s«»mpli> riot Form No. n. 

Ieasurements per acre. 


Jpper Bashahr Division, 




Sampls Plots.] 
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V . K. I. M. 


Simple Plot Form No. 8, 


Record of Diameter Measurements. 
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Sample Plot Form Xo. 7 


Measurement of Sample tree*, V. Bashahr Division. Sample Plot No. 1, Date 22nd August 1920. 

Initials, A. B. 0. 




Age. 

Sample 



tree 

Species. 


number. 

: 


Years. 



Length 

of 

Diameters at 4J ft. 

Torres- 

lauding 

dioot of 
last- - 
years. 

At right 
angles. 

Average. 

basal 
area at 
4* ft. 

Ft. and 
deci- 

Indu s and decimals. 

Sq. ft. 
and 

mals. 



decimals. 


(). H. 1 U. B. 1 

0. H. 1 U. B. 




Kemarks. 


Over Under Over Under 
bark. bark. bark. bark. 


8-1 7-6 

8-3 7-0 


Volume of cylinder 
-~7 1-2800. 

8-2 7- 6 Park per eviit.--.fi. 

Hark thickness at 
4' lT-0-J0\ 


.14 rings on stump. 7" above ground level. 
Stump aHoimmr-3 yearn. 


VOU'MK M KAHPIIKM KNTS. 

'J'lnther down to diameter over bark of 8 Indies. I Smallwood down to diameter over bark of 2 Inches 


Mid -diameters 
without hark. 


At. right. Aver* 
angles. age. 


Mid-diameters 
over hark. 


tloiuil Volume. Length. — 

area. A . 


Sec- 
tional Volume. 


At right Aver- lircrt * 

angles. age. 


Form factors. 

Timber. 

Small- 

wood. 

Timber 

and 

Small- 

wood. 


Sq. ft. Vuh. ft. S<|. ft. Hub. ft. 

Feet. Indies and decimals. and and Feet. Indies and decimals. and and 


decimals, decimals. 


decimals, decimals. 


10 12-1 1K» US 01595 7-5950 10 0*3 0-2 6-3 0-2104 21040 - 513 

10 111 10-8 11-0 0-00II0 0 6000 15 3 0 30 3-0 0 0707 10005 

10 9-2 0-3 9-2 0-4017 4-6170 

2 5 3-2245 

11 7-5 70 7-0 0-3151 3-4001 



XorK.— Entries xnado in the office arc shown in italics to distinguish them from those recorded in the field. 
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F. A. I. 28. 


Sample Hoi Form Mo. 7. 


Measurement of Sample trees, U. Bashahr Division . Sample Plot ' No. 1 , Date 22nd August 1920 . 

Initials , A. B. C. 





Age. 

Total 


height. 

Species. 




Years. 

Feet. 

Cedrus 
Doodara. ! 

37 

67 



Volume of cylinder 
** 32-3475, 

Bark per cent. » 16. 

Bark thickness at 
4' 6 m ~0-35\ 


34 rings on stump, 8' above ground level. 
Stump allowance- 3 yean. 


Volume measurements. 


Timber down to diameter over bark of 8 Inches. Smallwood down to diameter over hark of 2 Inches. 


Form factors. 


Mid-diameters 
over bark. 



Timber 

Tim Iter S,naU ' and 

Sec- nmm ' wood. Small- 

tional Volume. wood, 

area. 


Sq. ft. Cub. ft. 

and ami To three places of doclmals. 

decimals, doclmals. 


61 I 0-2029 2-0290 • 283 • 081 

00524 0-6764 



NOT*.— Entiles :n$de Jn the office are shown in Italics to distinguish them from those recorded in the field. 
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F.%.1.28. 


Sample Plot Form No. 7. 


Measurement of Sample trees , V . Bashahr Division . Sample Plot No. 1 , Date 22nd August 1920 

Initials, A. B. C. 


Sample 

tree Specif*, 
number. 



. .w in t t (1 Diameters at half total 

Length Diameters at 4fcft. Lurres- height. 

of ponding ! 

shoot of liasal 

last At right. * v , area at At light. Average 

jiar.. unite. 4 j (t nigte A\cragc. 


Ft. and 

Years. Feet. dcci- Inches and decimals, 
mala. 


0 1J. U. 13. 0. 13. V. 13. 


8 Cedrus 37 01 

Deodara. 


00 «• l 

8 0 *8 


S* S-'J 


34 rings on stump, 7" above ground level. 
Stump allowance *3 years. 


Inches uml dec! mats. 




Volume of cylinder 
^ 25 - 7864 . 

liark per cent.- 14. 

Bark thickness at 
4' 6 ”^0-30\ 


VOLP M K M EASl'K KM E NTS. 

Timber down to diameter over bark of 8 Inches. Smallwood down to diameter over hark of 3 Inches. 


Fokm fa crons. 


Mid-diameters 
without bark. 


At right Aver* 
angles. age. 


Mid-diameters 

SCO- " V " ,,ark ' H«- 

tional Volume. Length. tlonal Volume. 

wra - At right Aver- ttm - 

angles. age. 


Timber 

Timber ttnd 

wood. Small- 
wood. 


Sq. ft. Oub. ft. S«j. ft. (bib, ft. 

Fcot. Inches and decimals. and and Feet. Inches and decimals. and and To three places of decimals, 

decimals, decimals. decimals, decimals. 


10 

1 7-1 

70 

71 

0-2750 

'37500 

10 

5-0 

50 

5-0 

0-1800 

1-8000 

10 

3-0 

3(3 

3-tl 

i 

0-0707 

1-3433 

30 





5-9923 


Note.— .E ntries made In the oflke arc shown In Italics to distinguish them from those recorded in the field- 
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fc.il. I. 28. 


Sample Plot Form No. 7. 


Measurement of Sample trees, V. Bashahr Division . Sample Plot No. 1 , Date 22nd August 1920. 

Initials, A. B. C. 





Age. 

Total 


height. 

Species. 

. 



Years. 

Feet. 

Oedrus 

Deodara. 

31 

67 


Diameter* at holt' total 
height 


Length Diameters at 41 ft. Correa* 

of ponding 

shoot of hasal ] 

last At right a-**,** area at At right Ava - u „ a 

years. angles. Average. ft, angles. Average. 


Sq. ft. 
and 

decimals. 


Inches and decimals. 




Volume of cylinder 
» 12 7338. 

Bark per cent. *17. 

Burk thickness at 
4 # V-*026 m . j 


20 rings on stump, 6' above ground level. 


Stump allowance ** 2 years. 


Volume measurements. 

i'ORM FACTORS. 


Timber down to diameter over bark of 8 Inches. Smallwood down to diameter over bark of 2 Inches. 


Mid-diameter* 
without bark. 


Mid-diameters 
over bark. 


— I tlonal j Volume, i lengt h. | 


Sec- 
tional Volume. 




Inches and decimals. I and I and I To three places of decimals. 
I decimals. I decimals. I 


0-1899 1-8990 

0-1474 1-4740 


0-1184 1-1640 

0-0669 0-6708 



Branch . 

0 . 0 


Non. — Nutrias made in the office are shown In italics to distinguish them from those recorded in the field. 
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Sample Hot Form No. 7. 


Measurement of Sample trees, U. Bashahr Division, Sample Plot No. 1, Date 22nd August 1920. 

Initials, A. B. C. 


Sample 

tree Species. 



Length I Diameters at ft. 


Tntil 

hehh 8l,ootof 
hP‘«ht. lu8t At right 


Diameters at half total 
height. 


years. angles. 


Ft- and 

doci- tin lies and decimals 

nulls. 


Corres- 
ponding 

basal I 

area at At right I A 

IS ft. mmL. A ' ora ^' 



29 rings on stump, 4* alsovo ground level. 
Stump alloimn — 2 year*. 





Mid-diameters 
over Imrk. 


At right Aver* 

angl . age. 


Inches and decimal*. 

and 

decimals. 

and 

decimal: 

Stem. 



Ail 



Branch. 




Form factors. 

'1 imlKT. 

Small- 

Wood. 

Timber 

and 

Small- 

wood. 


1U 4-8 4*8 48 0-1M7 1M70 0 -341 

ly yo -J-U o-0 0 049! (Him 


Noth.- -K a tries made 1| th*.olflee arc shown lit itali c to distinguish tliem from those recordod lu the Held. 

































106 


1'. It. L 28. 


8uapb Plot Tom No. t. 


Measurement of Sample trees, V. Bashahr Division. Sample Plot No. 1, Date 22nd August 1920. 

Initials, A. B. C. 


ft k Diameters at 4} ft. 


Diameters at half total 
height. 


Sample 

tree Species, 
nu miter. 



mS. 

years. 


Ft. and S q. ft. 

Yearn. Feet, decl- Inchon and decimals and Inches and decimals, 
mob. decimals. 



32 rings on Btump, 5' above ground level. 
Stump allowance yean. 



Volume of cylinder 
-4*0300. 


2'4 Bark per cent.»J0J 


Bark thickness at 
4 ' <r-0*i5/ 


Volume meabokemknts. 


Timber down to diameter over bark of 8 Inches. Smallwood down to diameter over bark of 2 Inches. 


Foam r actors. 


Mid-diameters 
over bark. 


At right Aver* 

angles. age. 



Sec* 

tional Volume, 
area. 



Sq. ft. (lub. ft. 

Feet. Inches and decimals. and and To three places of decimals, 

decimals, decimals. 


>0830 08300 

>0309 0-6273 



NOTS, —Entiles u W4 i t. the office ate shoyn lu iWiiea to distinguish them from those retarded In the Held. 
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;/ 


F. R. 1. 28. Sample Plot Form No. 7. 


Measurement of Sample trees, U. Bashahr Division. Sample Plot No. 1, Date 20th May 1925. 

Initials, X. Y. Z. 





Total 

height 

Length 

Diameters at 4$ ft. 

Corres- 
ponding 
basal 
area at 
41 ft. 

Diameters at half total 
height. 

4 

Sample 

tree 

nnmlier. 

’ 

Species. 

Age. 

shoot of 
last 5 
years 

At right 
angles. 

Average. 

At right 
angles. 

Average. 

• 

REMARKS. 


Years. 

Feet. 

Ft. and 
deci- 
mals. 

Inches and decimals. 

Sq. ft. 
and 

decimals. 

Inches And decimals. 


■ 


■ 



0. B. 

U. I). 

0. B. 

U. B. 


Over 

hark. 

Under 

iwirk. 

Over 

bark. 

Under 

bark. 

. 

1 

Oednw 

Deodars. 

■ 

«3 

5'9 

120 

11-3 

10-3 

10-3 

11-7 

10-3 

0-7467 

7-2 

7*8 

«•« 

7*3 

7*5 

7-0 

Volume of cylinder 
~ 47-0421. 

Bark per cent. » 33. 

Bark thickness at 

4' U r =*0-70\ 


35 ring* on stump, 5' abovo ground level. 
Stamp allowance*? yean. 


Volume mf.asurkmexts. 

Form factors. 

Tim tier down to diameter over bark of 8 inches. 

•Smallwood down to diameter over hark of 2 Inches. 





Mid-diameters 
without bark. 

Sec- 

tional 

area. 

Volume. 

length. 

Mid -diameters 
over bark. 

Sec- 

tional 

area. 

Volume. 

Timber. 

Small- 

wood. 

Timber 

and 

Small- 

wood, 

At rigid 
angles. 

\ 

Aver- 

age. 

At right 
angVs. 

Aver- 

age. 



Feet. 

luclies and decimals. 

Sq. ft. 
and 

decimals. 

Bub. ft. 
and 

decimals. 

Feet. 

Inches and decimals. 

Sq. ft. 
and 

decimals. 

Bub. ft. 
and 

decimals. 

To three places o| decimals. 



Stem. 






Stem. 




Stem. 

|l 

10 

10*4 

9*9 

10-2 

0-5676 

5-6750 

10 

7-3 

7-9 

7-6 

0-3151 

3-1510 

•257 

• 113 

1 

10 

8*9 

9*1 

00 

0 4418 

4-4180 

10 

5*8 

5*8 

5-6 

0-1710 

1-7100 



■ 


7*8 

7*8 

7-H 

0 3319 

1-0914 

• 

3-0 

3-1) 

3-0 

0-0491 

0-4419 



■ 

20 





12-0844 

20 





5-3029 



1 



Branch 






Branch 




Bra 

nek. 

1 



mi. 


i 

f . 

i 

1 


Nil. 




0 

0 

1 


Not*,— E ntries made J.» the office are shown in italics to distinguish them from those recorded in the field. 
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t. r. L as. 


B»mple PM form No. 7. 


Measurement of Sample trees, U. Bashahr Division. Sample Plot. No. 1, Dale 20th May 1925. 

Initials, X. Y. Z. 


Sample 

tree Species, 
number. 


Ago. 

Total 

height. 

Length 

shoot of 
last 5 



yean. 


Length Diameters at 4} ft. Correa* 

of ponding 

shoot of • | basal 


Diametero at half total 
height. 


last 6 Atrght A W nuM» area at At right 

vMn .niriou Average. . . n 


Ft. and 

Years. Feet, deci- 
mals. 




30 rings on stump, 3* above ground levol. 
Stump aUovanm — l year. 


7-3 Bark per cent .**10. 

Bark thickness at 
4' <r=-0*M\ 


VOI.OMK MBASli &K M ENTS. 


Timber down to diameter over bark of 8 inches. I 8 mall wood down to diameter over bark of 2 inches. 


Mid-diametora 
without bark. See- 


At right Avcr- 

angles. age. 


tioiial Volume. Length, 
area. 



10 0-0 V-l 


Cub. ft. 
and 

decimals. 

Feet. 

6-6760 

10 

4-4180 

10 

4-4862 

8 

14-6182 

28 



Mid-diameters 
over hark. 



Form factors. 


Timber 

and 

Timber. Small- Small- 
wood. wood. 



Borg. — Bntribi J* tbe office are shown in italics to distinguish them from those recorded In the Held. 
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K. il. 1. 28. 


Sample Plot Form No. 7. 


Measurement of Sample trees, U. Bashahr Division. Sample riot No. 1, Date 20th May 1925. 

Initials, X. Y. Z. 


r .. Ilt . . .. .. JMamctcrs at half total 

Length Diameters at 4| It. t'orres- licluht 

Tn tui ponding _J 

Age. } | h { diootof , biUHtl 

1 ■ Inst 5 At right Averaa area at At ri«ht ... r 

Sample * . years*. angles. Average. ri angle*. Avirnge. 

oinsc-iLB. 


Ft. and »Sq. ft. 

Years. Feet. de.ri* inches and decimals. and Inches and decimals, 

umls. decimals. 




o. h. 

u. u. 

0. B. 

0*1 

8-r» 

9'2 

y-3 

8 : 5 



Gedriu 37 GO 5*0 <j'2 8-5 0-4617 

Dcodara. 


30 rings on stump, 2" above ground level. 
Slump aU>»nini6 — / y*'<tr. 


Under 

Over 

Under 

bark. 

hark. 

bark. 

(W) 



5-7 

6-0 

59 


Volume of oyliude 
*-304722. 


Bark thickness a 
4' O'Sy. 


YoLI'MB MKASURBMKNTS. 

Tim Iks r down to diameter over hark of 8 incites. I Smallwood down to diameter over hark of 2 Inches. 


Form factors. 


Mld-dinmHns 
wit hout hark. 


Mid-diameters 
over hark. 


Length. 


tional Voliiiiic. Length. 


Aver- 

area. 



At right 

Aver- 

age. 




angles. 

ago. 


Timber 

TmmI.i.p Small- and 
See- Inn tr. wrKK j Small* 

tlmml \olmne, wood, 

area. 


Sq.ft. I Mil), ft. Sq.ft. U»b. ft. 

Feet. 1 nches and decimals. and and Feet. Inches and decimals. and and To three places of decimals, 

decimals, decimals. decimals, decimals. 


Stem. 

8-6 8-4 

7-4 7.4 I 


15 0 39IJ 39410 
''4 0-298? Sr 6883 


Stem. 

7-3 7*4 7’i 2987 2-9570 

GO G- 5 0-5 0-2304 2’304O 

50 5*1 5-1 0-1418 14160 


Stem. 

218 , '235 


3-3 3 ■? 3'2 0-0559 0 4472 


Not*.— lintriea made ia tbo offioo are shown iu italics to distinguish them from those recorded in the field. 
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r. n. r. 2 *. 


Sample Plot Form No. 7. 


Measurement of Sample trees , f/. Bashahr Division . Sample Plot No. 1 , Brtfc Afoy 

Initials , X. Y. Z. 


Sample 

tree Spcclea. 
mini her. 




r%1 . , , .. ,, I Diameter* at lialf total 

Diameters at 4$ ft. C orrea- hdirht. 

ponding I 

Average, “fj- 


Si(. ft. 

Inches and decimals. and Tnchi* and decimals 
decimate. 


O. 11. D. 11. 0. 11. 1J. 11. 


Codrus 35 00 8*7 74 O' 7 WM 7 



Volume of cylinder 

llark per ee»t..=-/J\ 

Bark thickness »1 
V 6 


33 rings on stump, 4" shove. ground level. 
Stump nUouaw -=* 2 //cars. 


VOUTMK MEASUREMENTS. 


Timber down to diameter over bark of 8 inches. I Smallwood down to diameter over bark of 2 Inches. 


Form factors. 


Length. — 


Mid-diameters Mid-diameters 

without bark. over hark. 

(iona! Volume. Length. 

Atriglit Aver- Areft * At right 

angles. age. angles. 


Sij. ft. Lub.it. 

Feet., Inches and decimals. and and 

decimals. decimals. 




Timber 

Timber 8,,,an ' al,a 

ninotr. W00fL Small- 

Volume, wood. 


Sq. ft. Cub. ft. 

Inches and decimals. and and To t hroe places of decimal*, 

decimals, decimate. 



Stem. 

7*0 

70 

60 

01 

50 

51 

4 0 

4 0 

2-7 

28 

Hranrh. 

Nil. 

1 


2 8 2‘S V0428 O'USO 



Stem. 

« I 411 


hranek. 

0 | 0 


Note.— E ntries made in the oifloe arc shown in Italic* to distinguish them from those recorded In the field. 









































Sample Plots.] 


206 


Sample Plot Perm No. 7. 


Measurement of Sample trees, V. Bashahr Division. Sample Plot No. 1, Date 20th May 1925. 

Initials, X. Y. Z. 


Sample 
tree S 
number. 



Ft. and 

Years. Feet, deci 
mab. 


Diameters at 4$ ft. 

Corres- 

ponding 

Diameters at half total 
height. 

At right 
angles. 

Average, 

basal 
area at 
4* ft. 

At right 
angles. 

Averago. 

i 

Inches and decimals. 

Sq. ft. 
and 

Inches and decimals. 



decimals.! 






Codrus 39 5 

Deodara. 



Over Under Over Under 
bark. bark. bark. bark. 


Volume of cylinder 
—II' 5200* 

4'2 3'9 Bark per cent. 

Bark thickness at 
4' V~0'2r. 


38 rings on Btnmp, 3' above ground level. 
Stuwp ((Uorunc =* l if ear. 


Volume mkascrkmknts. 


Timber down to diameter over bark of 8 Inches. | Smallwood down to diameter over bark of 2 Inelios. 


Length. 

Mid-diameters 
without bark. 

1 Sec- 
tional 
area. 

, At right 
angles. 

Aver- 1 
age. j 

Feet. 

Inches and decimals. 

»q . ft. 
and 

decimals. 



Form factors. 


Timber. 
Small- and 
Timber. W(KM Small- 
wood. 


Sq. ft. 

Cub. it. 

Inches and decimals. and 

and 

decimals. 

decimals. 



Stan. j 
«-4 I 0-3 


SUm. 

0 ] 450 


5*3 5-8 

4-2 4*2 


No»K.— Entries made In ifce ofi’rte axe shown in Italics to distinguish tliein from those recorded In the field. 
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F. K. I. J 


Sample Plot Form No. 7. 


Measurement of Sample trees , (J Bashahr , Division. Sample Plot No. 1 , Date 20$ ifefay 1925 

Initials , X/ Y. Z 





Total 

height. 

Length 

of 

Diameters at 4| ft. 

Corres- 

ponding 

Diameters at half total 
height. 

• 

Sample 

tree 

number. 

Species. 

Age. 

shoot of 
last 5 
years. 

At right 
angles. 

A verugc. 

basal 
area at 
1$ ft. 

At right 
angles. 

Average. 

j 

Kkmakkh. 


Years. 

Feet. 

-a 

m 

a 

a 


8q. ft. 
and 

decimals 

Inches and decimals. 







0. B. 

V. B. 

0. B. 

U. B. 


Over 

bark. 

Under 

bark. 

Ovor 

bark. 

Under 

bark. 



i 













Volume of cylinder 
~7-2318. 

0 

CVdnu 

38 

61 

3-7 

no 

4*5 

51 

46 

0-1418 


8*0 

1 

1 

Bark per cent.— 17. 

Bark thickness at 
4' V~0 2S m 


Deodars. 

6-2 

4-0 

1 



37 ring* on stump, 3" above ground level. 
■Vbi/np aflo’iwiM -- / //car. 


VotOMK MKASITRKMKNT8. 


Timber down to diameter over hark of 8 inches. 


Length. 

Mid-diameters 
witliout bark. 

Sec- 

tional 

area. 

Volume. 

Length. 

Mid-diameters 
over bark. 

At rtghL 
angles. 

Aver- 

age. 

At right 
angles. 

Aver- 

age. 

Feet. 

inches and decimals. 

Kq. ft, 
and 

decimals. 

Hub. ft. 

and 

decimals. 

Feet. 

Inches and decimals. 








I 

Sirin. 




Stem. 




10 

6-0 

50 

60 



Nil. 




10 

4-2 

4-1 

4-2 







10 

3-3 

3*0 

3-4 







7 

2-0 

2’6 

26 







37 






Branch. 





lirai 

wh. 




Nil. 


- 

- 

; < 


1. 



Smallwood down to diameter over bark of 2 Inches. 


Sec- 

tional 

area. 


Sq. ft. 
and 

decimals. 


0.1364 

0-0063 

0.0631 

0-0360 


Volume. 


(jub. ft. 
and 

decimals. 


1-3610 
O' 0630 
0-6310 
0-2583 


32163 


Form factors. 


Timber. 


Small- 

wood. 


Timber 

and 

Small- 

wood. 


To three places of decimals. 


Stem. 

0 j -445 


Branch. 

0 I U 


Note.— E ntries made in the cilice are shown In italics to distiugulsb thorn from those recorded in the field. 
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t' & t t Sample Blot Form No. 7. 

Measurement of Sample trees, V. Bashahr Division. Sample Plot No. 1, Dated 20th May 1926. 

Initials, X. Y. Z. 


Sample 
tree S 
number. 


Corre- 
sponding 
basal I 
area at At right 


TMametera at lialf total 
height. 




Under 

bark. 


79 

Volume of cylinder 
- 69’ 1350. 

Bark per cent.«i4. 

Bark thickness at 
4' 0'~0-5U*. 


47 rings on stump, 6' above ground level. 
Stump allutrance-3 year*. 


VObVMR MEASURKHKNTB. 


Timber down to diameter over bark of 8 Inches. I Smallwood down to diameter over bark of 2 inches. 


Form factors. 



Mid-diameters 
without bark. 


Sec- 
tional Volume. Length. 


Mid-diameters 
over bark. 


At right Aver- area, 

angles. age. 


Sq. ft. Cub. ft. 

Feet. Inches and decimals. and and 

decimals, decimals. Foot. 


Stent. 

10 128 11*5 119 

10 11*8 11*4 114 

10 9'9 9*5 

8 8-2 8-4 


At right Aver- area, 

angles. age. 


Timber. Small- i 
Sec- wood. Si 

tlonal Volume. w 



Sq. ft. Cub. ft. 

Inches and decimals. and and To throe places of decimals, 
decimals, decimals. 


Stem. 

7*1 6-0 TO 02673 

51 4-8 5 0 0 1364 

8-1 80 30 00491 


Note — E ntries made in the office are shown in italics to distinguish them from t nose recorded In the field. 


















































I 


211 


[Sample Plots. 


F. E. 1. 140. Sample Plot Form No. 11. 

Classification and grouping of diameters. 


Sample Plot No. 1, U. Bashahr Division. Species, Cedrus Deodara. Initials, M. N. 0. 
• Dated. 2 st October 1920. 


■Ml 



rmmm 


Main Crop, 1920. 

14 

// = 2 


13 

m = e 


12 

m ////= » 


11 

m rm m m rm rm //// = 34 

10 

rm m m rm // 

= 23 

9 

rm tw mi rm n 

* 22 

8 

m mm rm rm / 

= 26 

7 

rm m mm rm / 

= 26 

6 

rm rm /// 

= 13 

5 

rm / 

= 6 

4 

rm / 

= 6 


1 

Grand total 

. 172 

A. 

Area of plot. — 0*162. 

Grouping. 

B. 

Total number of diameters per acre.- 

-1062=50 +50+60+50+100+100+100 + 100+ 200+ 262. 

C. 

1 Number of diameters 8* and over.- 

- 747 =60+50+50+50+100+100+100+100+147. 

D. 

i 

Number of diameters under 8'. — 

315 = 53+262. 

E. 

Groups for 1 acre. — 

1062=60+50+60+50+100+100+100+100+147+315. 

F. 

! Groups for plot of 0*162 acre. — 

172 = 8 + 8+ 8+ 8+ 16+ 16+ 16+ 16+ 26+ 51. 


Nates. 
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if. R- I. 140. Sample Ptot Form Ha 11. 

Classification and grouping of diameters. 


Sample* Plot No. I, U. Bashahr Division. Species, Cedrus Deodara. Initials, R. S. T. 
. Dated 25th October 1926. 


D. R H. 
Class. 

Main Crop, 19215. 

15 

/ - 1 

14 

tit - 3 

13 

TM m /// = 13 

12 

nu m m m u - » 

11 

m mm mm it - 27 

10 

m m m - 15 

0 

m m m m t = 

8 

mnu m m m ~ 20 

7 

/w w/ tttt - 14 

0 

mi m t - 11 


j 

Grand total . 152 

■■ 

Grouping, 


Area of plot 0*102. 


Total number of diameters per aero. — 938 =50+50+50+50+100+100+100+100+200+138. 


Number of diameters 8' and over 

per acre. — 784=50+50+50+50+100+100+100+100+184. 

D 

Number of diameters under 8* per acre. — 154= 16+ 138, 

E 

Groups for 1 acre.— 938=50+50+50+50+100+100+100+100+184+154. 

F 

Groups for Plot of 0*162 acre.— 152= 8+ 8 + 8+ 8+ 16+ 16+ 16+ 16+ 31+ 25. 


Notts. 
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F. B-. 1. 140. Sample Plot Pom Ko. 1L 

Classification and grouping of diameters. 


Sample Plot No. 1, U. Bashahr Division. Species, Cedrus Deodara. Initials , H. S. T. 

Dated 25th October 1926. 


D. B. H. 
Glass. 

Subsidiary Crop, 1925. 


// = 2 


// - 2 

9 

// - 2 

8 

III = 3 

7 

// “2 

6 

/ - 1 

5 

/// ~ 3 

4 

m - 6 


Grand total . 20 


Grouping. 

A 

Area of Plot.— 0*162. 

B 

Total number of diameters per acre. — 124=50+ 50+ 24. 

C 

Number of diameters 8' and over per acre. — 56=50+6. 

D 

Number of diameters under 8* per acre. — 68= 44+24. 

E 

Groups for 1 acre. — 124=(50+6)+(44+24). 

F 

Groups fcr Plot of 0*162 acre. — 20=( 8+1) +( 7+ 4) = 9+11. 


Notts, 
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F. R. 1. 140. 


Sample Plot Form No. 11. 


Classification and grouping of diameters. 


Simple Plot No. 1, V. Bashahr Division,. Species, Cedrus Deodaia. 
Initials, R. S. T. Dated 26th October 1626. 

1920 back check urith 1925. 


D. B. H. 
Class. 

• 

Main Crop, 1920. 

14 

// - 2 

13 

KU = 5 

12 

g 

II 

CO 

11 

rm tin m m m mu- 31 

10 

rm m rm rm // - 22 

9 

mi mi m mi = 20 

8 

mi rm rm rm mi - 24 

pi 

rm m rm rm im = 24 


rm rm i =11 

5 

//// = 4 


Grand total ’ 152 


Gbouidto. 

A 

Area of plot 0-162. 

B 

Total number of diameters per acre. — 938=60+60 +60+50+100-!- 100+100 1-100+200 + 138. 

C 

Number of diameters 8' and over 


per acre.— 784=50+60+60+60+ 100+ 100+ 100+ 100+ 1 84. 

D 

Number of diameters under 8' per acre. — 164= 10+138. 

£ 

Groups for 1 acre.— 038= 50+60+50+ 60+100+100+100+100+184+164. 

F 

Groups for Plot of 0-162 acre.— 162== 8+ 8 + 8+ 8+ 16+ 16+ 16+ 16+ 31+ 25. 


Nates, 
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Classification and grouping of diameters. 


i 

Sample Plot Form No. 11. 


Sample Plot No . 1, V. Bashahr Division. Species, Cedrvs Deodara . 
Initials , R. S. T. Doled 26th October 1926. 

1920 back check nitli 1925. 


IX B. H. 
Oil 88. 

Main Crop, 1920 — cmbl. 

1) 

/// =* 

10 

/ 

0 

// ~ 2 

8 

// - 2 

7 

// - 2 

1 ■ 

// ^ 2 

5 

// = 2 

4 

m / -« 


(iRANl) TOTAL . 20 


(iltOUPlNL'. 

A 

Area of Plot. — 0*102. 

B 

Total number of diameters per acre. — 124 -- f>0-f 50+ 24. 

C 

Number of diameters 8* and over jier acre. — 56 ^50d-li. 

D 

Number of diameter under S" per acre.— 08 - 44^24. 

K 

Cl roups for 1 acre. — 124 --(50-1 G)-H44-)-24) 

F 

Croups for Plot of 0*102 acre. — 20=-9 | 1 1. 


Note* 
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APPENDIX V. 

Tree Classification and Thinninci Soalr for Sample Plots. 

{Cf. The Indian Forest Records, Vol. XV, Part 1, 1930, on which the following is based with 
• the few further sub divisions required for research work in contrast with divisional requite 
ments). 

A. Tree classification. 

The trees forming an oven-aged high forest may be classified with reference to their relative 
height, and development, according to the following scheme 

I.— DOMINANT TREES. (D) ; including all trees which form the uppermost leaf canopy 
and have their leading shoots more or less free. These may l>e sub-divided according to the 
position and relative freedom of their crowns into : — 

(a) PREDOMINANT TREES (DI) comprising of all the tallest trees which determine 

the general top level of the canopy and are free from vertical competition. 

(b) CODOMINANT TREES (D2) comprising of the next tallest trees which have their 
leaders quita-free but only attain about J of the average height of 1)1. 

Both the subclasses may further be classified according to thoir vigour and soundness or 
otherwise into : — 

(a) Trees with normal crown development and good stem form. 

(h) Trees with defective stems or crowns, o. g. : — 

1. Trees with crown spaco cramped by neighbouring trees. 

2. Badly spaced old advance growth. 

3. Trees with forked leader and similar defects. 

(c) Trees with very defective stems or crowns, i.e. with the same defects as (/)) to such 

an extent that they aro of little or no present vatne or promise. 

(d) Whips. 

Trees with very thin bole and very restricted crown incapable of existence without 
the support of the neighbouring trees. 

I T. —DOMINATED TREES (d) 9 which do not form part of the uppermost leaf canopy, hut 
the leading shoots of which are not definitely over-topped by the neighbouring trees. Their 
height is about | that of the tallest trees — 

(a) Trees with normal crown development and good stem form. 

(b) Trees with defective* crowns or steins. 

III. SUPPRESSED TREES (s), which reach only about £ to J of the boight of the best trees, 
with their loading shoots definitely over- topped by their neighbours or at least shaded on all 
sides by them. A small tree of height typical of suppressed trees standing with its leader free 
in a chance gap should not be classed as D or d. 

IV. — DEAD AND MORIBUND TREES (m). 

This class also includes bent over and badly leaning trees usually of the whip type. 

V. -DISEASED TREES (k)* including those which are infected with parasites to such an 
extent that their growth is seriously affected or that they arc a danger to their neighbours - 

(a) Dominant. 

(b) Dominated and suppressed. 

In allotting trees to their canopy and crown class, it will often appear doubtful whether a 
certain tree should go to Dl b or D2a, the height being on the border line between the two canopy 
classes and the crown being small for Dl but normal for T)2. This is not of much importance, as 
in thinnings the two types Dlb and D2a would usually be considered together for removal, 
but decision is facilitated if any tree likely soon to descend in canopy class is relegated lo D2 and 
any likely to keep up, only falling off in crown class, is included in Dl . 

* The symbol k is proposed as suggestive of canker. 
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B. Thinning . 

Thinnings are defined in the Glossary of Technical Terms for use in Forestry as * the removal 
of excess stems from a crop beyond the sapling stage with the object of diminishing adverse 
competition and affording more light and space.’ 

The sapling stago is left when the lower branches begin to dry, generally about when the t 
breast height diameter of the dominant stems reaches 4* in a fairly closed crop. The essential 
point about a thinning, however, is that no lasting interruption of the leaf canopy is create/]. 

Thinnings aro mostly concerned with the removal of the following types of tree usually in the 
order given : — 

(i) Dead and dying trees. 

(ii) Trees which have been definitely left behind in the struggle for existence. 

(iii) Trees which are getting left behind. 

(iv) Diseased trees. 

(v) Misshapen trees. 

(vi) Troes with poorly developed crowns or boles. 

(vii) Trees with good crowns and boles which are restricting the development of still 

better trees. 

Of these, (i) and (ii) comprise trees the removal of which has a minimum of influence (at least 
direct influence) on the development of the rest of the crop, and so their removal might well be 
excluded altogether from the term thinning, were it not for the fact that it is most convenient 
to include all stems removed under a single term. It will be seen that the dominated trees (iii) 
and to a less extent, the suppressed trees (ii), are sometimes retained and sometimes removed 
under different types of thinning applicable to different species or under different conditions, 
and in practice, thinnings which are to influence the increment of the trees retained generally 
fall in the first place on the inferior t rees grouped under (iii), (v) and (vi). Only the heavier forms 
of thinning remove many of I he good stems (vii), and only the heaviest of all reduce the number 
of stems which are satisfactory in all respects. In all cases even distribution of steins is aimed 
at. 

****** 

Kind of Thinning.- -There are two main principles according to which thinnings may be done. 
The first aims at the gradual improvement of the average dominant trees present without- making 
appreciable inroads among the dominants themselves, ».e. t the fellings fall mainly oil the domina ted 
and suppressed stems, primarily the bigger of them which are more or less retarding the further 
development of the neighbouring dominants. The suppressed trees and smaller dominated 
trees arc usually removed at the same time, but it is possible with the heavier intensities of this 
kind of thinning to make a qualification retaining them as soil cover, or as insurance against 
casualties among the larger trees standing over them or simply because it is not worth spending 
money on felling them. This kind of thinning is known as Ordinary thinning (German, Nitder- 
durchf or stung, French, Eclair cic par le has). 

The second aims at giving a maximum of help to a restricted number of the best stems ; 
such help requires primarily the removal of competing dominant trees as soon in the life of the 
crop as crown differentiation has progressed far enough to permit, of it. The dominated and 
suppressed trees are then retained to maintain the soil cover and utilise such of the increased 
light and space as the selected best stems cannot deal with for the time being. This kind of 
thinning is known as a Crown thinning (German, Hochdurchforstvng, French, Echnrcie par le 
huut). 

Intensity of thinnings. — Subject to the above remarks, the kinds and intensities of thinnings 
to be distinguished, and the trees to be removed under the several grades of thinnings are as 
follows 

I. Ordinary thinning : — 

(1) Light thinning (A grade). — V, IV, and 1JT classes of trees. 

(2) Moderate thinning 'B rmde).— V, IV, ill, U (b), D2 (d) and 1)1 (d) and occasionally 

a PI (c) oHssch of t 
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(3) Heavy thinning (C grade).— V, IV, III, Dl (d), D2 (d), and gradually all II D2 (b) 

and D, (e) and part of U 2 (a) and D l (c) olassos of trees. 

(4) Very heavy thinning (D grade).— V, IV, III, Dl (d), D2 (d) and gradually all It D2, 

Dl (c), Dl (b) and part of Dl (a) classes of trees. 

II. Crown thinning : — 

(1) Light crown thinning (L. C. grade).— V, JV, D2 (d), Dl (d), part, of D2 (a), D2 (b), 

• D2 (c) and Dl (b) and a great part of Dl (c) and some I) l (a) classes of trees. 

(2) Heavy crown thinning (H. C. grade).— V, IV and all D2 and Dl hindering elite steins. 

Note. — V, IV and III may be loft if their removal is of no economic or hygienic value. 
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CHAPTER XI. 

* SAMPLE PLOTS, OONTD.. THTNNINO RESEARCH. 

Thinning investigations (7 , Item 14) are a special case of the study of crop incre- 
ment (in all its factors) with attention directed to : — 

1. Total volume production. 

2. Total wood production in timber down to any selected minimum dimen- 

sions. 

3. Height growth. 

4. Taper and shape of the trees. 

5. The quality of the timber produced with special reference to relative 

freedom from branches and knots. 

It is convenient to consider separately the following five aspects, of which all 
but the last are primarily concerned with pure crops. 

1. Thinning in pole and tree crops. (Section (i), below). 

2. Thinning in short, rotation coppice crops (Section (ii), p. 228). 

3. Early thinnings of young natural regeneration (Section (iii), p. 230). 

4. Early thinnings of young plantations (Section (iv), p. 232). 

5. Thinning in mixed crops. (Section (v), p. 233). 

(I) Thinning in Polk and Tree Crops. 

A. Object of the investigations. 

It is required to determine for each species, what thinning regime is suitable for 
application in ordinary divisional practice from the point of view of the general or 
local objects of management such as are listed at the head of this chapter. In this 
section it is assumed that the 'thinnings are to lie done in plantations, and in the 
more regular parts or groups of natural crops which may or may not have been 
thinned hitherto. 


B. Factors involved. 

] . Kind of thinning . — Only Ordinary and Crown thinnings have to be considered. 
The latter are usually considered to be applicable to species of at least, moderate 
shade bearing constitution, as the fundamental principle of the method is the reten- 
tion in healthy condition of the lower canopy layers : the former can be applied to 
all species, but particularly to light demanders. Practical considerations in divi- 
sional practice (unremunerative fellings of small-sized stems) may necessitate the 
retention of more or less dominated and suppressed trees when under the prescribed 
scale they should be removed, but this is not of importance provided the trees of the 
future crop get the growing space prescribed for them. 

It. should be noted that Crown thinning can only lie introduced early in the life 
of a crop since the lower canopy layers have to he retained. 
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2. Intensity (Grade) of thinning. The standard scale defined in terms of stan- 
dard tree classes (by canopy layers and (Town classes) is given in Appendix V, 
p. 217. To ensure continuity, suggestions are made below for a numerical check to 
be applied within the limits allowed by purely silvicultural considerations (cf. p. 226). 

2. Frequency of thinning It is accepted that, a thinning cycle of less than 10 
years is neither necessary nor desirable, and further, that one of 10 years is or will 
become feasible in all divisions as management becomes more intensive. 

Some of tho most- valuable Kiirojirjin rf.-t'aivlif.s llif mo of Klury (/^, p. H2) in iSwiizorJaiKl) 
have, boon carried out with a C» years’ < , but wold tables utmost- invariably provide for inter- 

mediate yields every 10 youis. 

At the same time, it is to be realised that the interval may well vary with the 
age of the crop, becoming longer for older crops which close up more slowly and 
puffer less from the effects of under-thinning than do young crops in which height and 
crown growth is still rapid. .Practical considerations limit the thinning cycle to 
a minimum of 10 years in almost all cast's. 

4. Crown Development. The extent and shape of the crown depends to a large 
degree on the thinning treatment. Its importance lies in its influence both on the 
diameter increment and the form of the individual tree, and on the absolute and 
relative extent of clean bole yielding high quality timber. The field measurement 
and the evaluation of differences of measurements provide the most difficult problems 
in thinning research. 

0. Methods of investiyal ion. 

The standard sample plot of Chapter X fulfils the essential requirements for 
thinning research, but a number of additional factors call for consideration. 

If an adequate number of plots could be laid out, so that complete sets sufficient 
for yield table compilation were available, each treated under one recognised thin- 
ning procedure, this would be the ideal solution. Each set would be- worked up 
independently and end results compared, the only problem- by no means settled 
for that matter -being the determination of what figures are comparable as between 
the two sets. This is the position in Europe accounting for the widely different 
yield tables, for example, for oak as compiled by Schwappach (Hi, p. 21) heavier 
thinning and Wiimnenauer (14, p. 261 lighter thinning), and for spruce as re- 
produced on p. 224 or as recently compiled bv (Ichrhardt (16a). 

Pending the attainment of this ideal, valuable information can be obtained from 
pairs and sets of comparable plots differently treated (cf. Sample Plot Field Rule 7, 
p. 114), and in some ways deductions from the results with such plots are on firmer 
ground than those derived from the comparison of average data obtained under the 
preceding method where the actual compilation may introduce new factors. More- 
over, with time, the. data from the sets of plots will accumulate and permit of the 
application of the compilation method also. 

Experience has shewn the difficulties of ensuring continuity of treatment at 
successive thinnings, particularly when plots arc not adjoining. A procedure has 
been devised, based on the relation bet ween number of stems and mean diameter 
with due regard to quality class of locality, for checking the number of stems re- 
moved at each fiiinoiii * of the prtoinLcd kind and intensity within the silvicul- 
turally permissible limits cu the latter. 
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Relatively small differences (especially as regards clean bole) being in question, 
periodic measurements of the same standing sample trees in the. plots acquire an 
enhanced value and should be obtained whenever possible. 

• A method of assessing tree quality is required. Apart from an expert utilisa- 
tion officer’s appraisals, data are required beyond what are ordinarily collected on 
sample trees (cf. p. 121) as listed in Field Rule 0 below, and it has been suggested 
in the foregoing chapters that they should be collected on all sample trees as a 
routine measure. 


D. Results obtained in other countries. 

Switzerland. — P. Fhiry, (12) (Ordinary thinnings), and A. Engler (Crown thin- 
nings, mainly on spruce and beech). 

A translation of Flury’s summarised conclusions with Engler’s (8) further inter- 
polated, is as follows : — 


Jia-'ifil Area and Volume Increment. 

1. From the point of view of increasing increment in basal area and volume, llm best grade for 
young and middle-aged .spruce and beech erupts of nil qualities is between B ami nearer 0 (frown 
thinning comes nearest to f). 

2. In the latter half of the rotation, (lie grade should be raised. 

3. The greater increment frequently found with grade l> is more in the lower parts of Ibe stem* 
so that the basal areals increased relatively more than the volume. 

4. tirade ]) particularly favours tin* production of more small bran eh wood, whilst product ion of 
the more valuable wood over 7 cm. diameter compares unfavourably with V and T>. 

5. Young crops which on account of delay in thinning or similar causes have fallen off in growtlt, 
are best severely thinned (tirade C) at onee, as they recover most quickly thus. 


Dia meter l ucrune nt. 

6. Thinning of all grades benefits primarily the diameter classes dose round the mean diameter 

7. Large stems shew a more pronounced diameter inclement with (• and 1) (and crown thinning 
than with B and A, but- only on the jingle stem, whilst the total increment is much tin? same for all 
grades. 

8. In the main crop, spruce .shews the highest percentage diameter increment in the upper diameter 
classes, and beech in the lower. VY it it ht-eeli, tirades (' and i> do nut raise the increment, of the higher 
diameter (dosses much more than docs 11 

y. In the subsidiary crop, diameter increment of spruce is raised by (' and still more by l>, whilst 
B and A hardly make any difference. 

10. For beech, the increment of the subsidiary crop is greater for all grades than for spruce, and 
is also more enhanced by C and L> than by B and A. 


Height Increment . 

11. The current annual height increment with <_• and 1) grades is greater than with B and still 
more so than with A. (Crown thinning resembles C and I).) 

12. Grade C is the most favourable with regard to height increment. 

13. With Grade A, height increment remains definitely behind. 


Volume of tlte Crop wood over 7 cms. diameter under bark. 

14. The volume of the main crop is never reduced with any grade below the volume of the fast 
measurement. 

15. The biggest main crop volume is obtained sometimes with C sometimes with JJ (Crown thinning 

resembles C). 
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Treatment of stands approaching maturity . 

10. Crops on entering ilic last third of the rotation uge should be bo treated that real thinnings are 
no longer required and so practically the whole increment, goes to the main crop. 

17. Herein liea the favourable cited of early and thorough thinnings (apart from the higher 
thinning yields), uliieh give maximum utilisation of the possible increment laid down on amainefop 
with a Jurgc volume in big assortments— this with a relatively short rotation, or at least without 
raising tho rotation. • 


Timber Production . 

IS. Branehiness increases with higher grades of thinning. There is little difference between B 
and C, but 1) results in much more branehiness than O. 

Jib Maximum timber is obtained with B to C, with a tendency to C with increasing age. 


Financia l lid urns . 

With uniform grading and current prices, the return with different thinnings stand in the follow- 
ing order, fuel Bides favouring ordinary thinning considerably : — 

20. Main crop. (1) D, (2) C, (3) B and (Town, (4) A. 

21. Total crop. (1) 1), (2) H and (Town, (3) B, (4) A (or equal to B). 

•Swiss foresters generally have thinned A and B, and should now advance to B and C. 

TVs measuring, a 20 metre leleseopir- ladder of firc k escape type has been used since 1 S95. 

218 spruce? plots thinned 2-4 times and 124 beech thinned 2-3 times were available, and actually 
the main set was a series of 4 for each species demarcated and thinned in 1880, when 28 years old. 
1‘hese were supplemented by one other complete series and various pairs, 30 spruce and 22 beech in 
ail, mostly J> and 0. Ages ut the start were 10 to 50 years tor spruce, and 20 to 105 for beech. 

Germany. Conclusions drawn ate generally similar to those for Switzerland. 
Ueinhold (/•>) and (iehrhardt ( (}) have summarised results in recent years, and 
directed attention to the, importance of the concentration of as much of the incre- 
ment as possible on selected best stems with a view to rapid production of large 
sized timber without undue deterioration in quality, branehiness and low form fac- 
tor. The following tables in which the data for crops of spruce 100 years old with 
a main crop volume (down to 7 cm. diameter) of 800 cubic metres per hectare (r- 
11*100 c.ft. per acre) have been collected from all published sources, illustrate the 
range to be dealt wiVli on soils of approximately equal quality. 


'Number of 
stems per 
nen*. 

Mean 

Height 

10, 

{ 

Mean 

diameter 

ins. 

i 

A ut hui 's 
(Quality 
( 'lass. 

Authority. 

331 

88*0 

i * i 

U-7 

fluty in moun? ains. 

280 

103-3 

•S-3 

1-5 

Keiipei in Mid Frank. 

273 

0K» 

8-1 

il 

Hul en berg. 

205 

05-0 

S-5 

II 

lanvy. 

1 04 

103-7 

ik> 

1-4 

Oehrha rdf. 

100 

100-2 

10-1 

i 

Kehwappach (10500 c.ft.). 

1.50 

i 1 1*5 i 

! 

10-7 ] 

! 

1 

Hrundner. 

i 

iU 

121- 1 1 

UM> 

1 

1 

Gehihoidt (Bapid growth witli 9700 c.ft.). 
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l iehrhitnlt’s latest tables for spruce (16a) are threefold. with separate figures 
for three types of thinning. 

Sweden. From 269 thinning plots of Pirns syheslris from 1902 onwards, and 
]•¥> for Picm exedsa, the following deductions have been drawn ( 7) : 

1. Thinnings over 20-25 years have raised the total volume increment by 

12-20 per cent, over the untliinned controls. 

2. Crown thinnings are generally not quite so effective as ordinary thinnings 

in this respect. 

3. 1) grade thinnings are not so heavy as to cause any falling-off of increment. 

Anmiai. — With Pinm Sir of ms plots (iN), the safne conclusions are reached as in 
(Sweden. Methods and a good general bibliography have been given by Barret and 
Righter. (19). 

Nottcn. — In praH.itff'v a single grade will not In* applied <o extensive nivab. Imt niio will allow for Mir 
varying character in ono of the same crop l»v varying the grade .similarly. The insults sumumrised 
above also cannot form the basis for fixed rules for tending, but they serve, in an objective wav «d an 
experimentally determined basis for u rational thinning technique. 

E. Field work. 

Investigations ran best be earned out in permanent sample- plots as described in 
Chapin* X. The lollo wi rig additional notes should In* read with the corresponding 
sections of that chapter. 

(1) Selection of plots.— -To minimise quality class differences, the plots of a set 
should be as close together as the crop ami ground permit. Pairs or sets of plots to 
give results of maximum utility, must at the start be comparable within acceptable 
limits. When the lightest grade of thinning to be applied has been done in all the 
plots of the set, basal area per acre should not ordinarily vary more* than 10 per 
cent., number of stems more than 20 per cent., and average height more than 15 
per cent. Whilst rigid adherence to these figures may not be practicable, the com- 
parison should be made. 

(2) The surround . — Whenever possible, the plots of a set should be separated 
by a strip of approximately two to three crown widths, so that flu* t hinning in one 
plot, will not nlfect the growing space of trees in the other. That this is not possible 
should not however prevent pairs or sets of plots being laid out. 

(3) Demarcation^ — Each plot of a set is independent and so separately demarcated. 
If no separating strip can be excluded, one, two or more corner posts may be 
common to adjoining plots. Each plot a set should have its own serial number. 

(4) Thinnings --In all plots which form part of special thinning sets, and as far 
as possible, in all plots, the number of stems which will remain after thinning and 
their mean diameter (the diameter corresponding to mean basal area) should be 
compared with the number which should be present for that diameter on the quality 
class concerned (determined by the height-age relation) according to the published 
yield tables. The trees under consideration for removal under the prescribed scale 
of thinning are listed before felling and are re-examined w f it.h a view to the final 
retention or removal of trees concerning which difference of opinion is possible, the 
test being that C-grade should shew 110-90 per cent, of the published yield table 
figures, D-grade 90-70 per cent and a (research) E-grade only 70-50 per cent. It is 



Thinning Research.] 


226 


t 


emphasised that the silvicultural description of the thinning grade given in Appen- 
dix IV must be adhered to, and this numerical check is only to be applied to the 
* border-line* trees ; it is particularly useful as a check that the initial and desired 
difference between the plots of a set is maintained. Anomalies will be encountered 
in older crops which have grown up in a crowded condition without thinnings. 

The E grade ordinary thinning mentioned above is probably heavier than desirable in practice, 
taking all ti-een jiossihle without causing lasting gaps in the eanopy — somewhat like EC. but without 
retention of the lower canopy Hasses- but is required in research work for determining the optimum 
intensity. 

Quality class is determined by the relative position of the c rop ago/erop height point on the yield 
table curves by quality Hasses. When number of stem per acre of given diameter varies considerably 
with quality Hass, fractional quality ifr required, the limits for each quality being subdivided into 10 
units alxms and 10 below flic* average. 

The removal of additional trees will alter the mean diameter of 1 lie plot, ami therefore the 
corresponding yield table number of stems per acre. If more trees over 1 lie original mean diameter 
are taken, this number per acre will rise and the percentage stocking will fall ; if the trees taken are 
less than the original mean diameter tlu? yield table number will fall and the percentage slocking 
nia. or may not be; altered. 


Ex. 38. Sample. Plots in Pinus excelsa in Chakrala division, United Provinces. 


Plot 

Number. 


Age. 

Quality 

ebiss. 

Crop 

diaitieier. 

X ii m ber 
of 

stems. 

Percentage 
to yield 
v table. 

Thinning 

grade. 


ft. 

yr«. 


ins. 


percent. 


08 

■83 

5*4 

0*0 I 

J 1-0 

- 11 ) 

82 

D 

G« 

84 

f>5 

H) 11 

11-0 

1!)8 

73 

E 

70 

85 

f>7 

1*0 II 

1(H) 

2«3 

90 

C 


In the ease of plantations, age may be substituted for diameter if preferred 
(usually for teak). (Of. Proc. Silv. Conf. 1929, p. 218.) 

Crown thinning is not included in the above procedure : it can rarely be introduced 
in crops which have not been thinned from an early age unless they have come up 
in very open canopy. Where the retention of the few suppressed or pronouncedly 
dominated lower canopy trees is held desirable (as usually with deodar), they should 
be excluded from the above described calculations. 

(5) Selection of sample trees. In thinning investigations, great advantages are 
obtained by measuring standing sample trees in the plot which can again be measured 
at biter dates (Eugler considered this absolutely necessary). 

(6) Measurement of sample trees . — In addition to the usual measurements, the 
following are necessary 

(o) Length of crown (as average between lowest limit of green crown and 
point where green crown is developed on all sides). 

(b) Length up to any customary diameter limit. 

(c) Stem timber form factor up to that limit. 

(d) Form 'quotient data (cf. (Jeneral Rule 23j/, p. II). 

(7) Records. -- The sums records should be maintained as for other per man ent 
sample plots, but a set tile consisting of Situation Map, Description Form 2 and 
Subsequent History If am. 2 a, should be opened for each set of adjoining plots, 
recording ail inforrin tic < common to both or all plots, and all comparisons between 
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the plots ; the actual plot file should then only give the information peculiar to it, 

i.e., absolute as opposed to comparative data, duplication being unnecessary. 

(8) Miscellaneous. — The different degrees to which the canopy is opened in the 
plots provide an excellent opportunity for collection of data concerning the associa- 
ted vegetation with a view to analysing out the effect of light intensity from that of 
quality class. 

F. Computation. 

(a) Comparison as yield tables. 

The plot data are calculated on the standard lines. When sufficient data 
accumulate, they can be compiled separately for each thinning grade, quality class 
limits being determined from the initial height/age data for all plots. 

(b) Comparative study of sets of plots. 

1. Mortality from all causes can be compared. 

2. Average dimensions (diameter, height, standard timber volume, commercial 
timber volume, etc.) can be worked out for each plot for any of the following selec- 
tions of trees. 

(i) All trees standing. 

(ii) All dominant trees. 

(iii) That number of trees (counting from the biggest diameters downwards) 

in all plots of a set which is finally standing in the most heavily thin- 
ned plot. 

(iv) The same basal area in all plots as is finally standing on the most 

heavily thinned plot (Reinhold). 

(v) The largest x stems per acre in each plot, (x might well be taken as 

the number expected to be standing at maturity). 

(vi) Trees of the same initial diameter in all plots (Flury). 

The selection made, will depend on the species and local conditions. Where 
production of large timber is the first requirement, (v) probably gives the best 
picture, whilst where total production is also important, or medium sized timber 
is also saleable with profit, (iii) or (iv) are preferable. At the same time, (vi) is 
most useful in bringing out differences in development. All these methods may, 
however, become misleading as they divorce the tree from the crop. 

3. Total basal area at each stage with its increment provides a simple basis of 
comparison. 

4. Total production can also be compared in several ways. 

(i) Total standard timber and smallwood volume. 

(ii) Total standard timber volume. 

(iii) Total commercial timber volume (assessed on each stem, generalised 

from measured sample trees, or measured down to an arbitrary dia- 
meter limit). 

(iv) As any of foregoing, but classified into several assortments which may 

be assigned absolute or relative monetary values (Schwappach thus 
used four timber grades, pit-wood, and three fuel classes). 
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In all cases, fellings required to bring about initial comparability are of course 
excluded. 

It has also been proposed that when commencing an investigation, one should 
record by their serial numbers for the uuthinued control plot of a set, which trees 
would remain standing after a thinning corresponding to each of the other thinned 
plots, and in making comparisons, consider those trees only. 

(II) Tiiinnino in Short-rotation Coppice Crops. 

A. Object of investigations. 

Tiie aims in view will be the same as in the previous sub-chapter, but maximum 
sustained volume outturn is commonly the chief object, subject to the production 
of an adequate proportion of the type of poles in local demand. 

B. Factors involved. 

1. The number of shoots retained per stool, and the age at which the reduction is 
made to an accepted optimum (A, 2, or 1). 

This factor is best studied in the first place on individual stools, particularly 
where coppice of mixed species is in question. It is concerned rather more with 
specific characters than wit h those of crops, and so is dealt with in the Experimental 
Manual, g.v. p. 1 13. At the same time when opportunity oilers, it may also 
be studied as a crop problem on the lines described below. 

2. The interaction of species in a mixture. 

So many variables are involved in tins problem that it is impossible to lay down 
a procedure to be, followed, but it is suggested that this too should first be investi- 
gated as a tree problem on selected stools before crop studies are attempted. See 
further p. 2 53. 

3. The ages id which thinnings are made and the nature of the thinnings applied. 

Precisely the same considerations apply as for high forest, cf. p. 221, above. The 

standard thinning scale is superimposed on and to some extent combined with the 
reduction of the' number of shoots per stool. Usually only 1-3 thinnings are in 
question, but the exact age at which they arc made is often of importance {7, p. 237). 

C. Methods of 'investigation. 

(а) It must first be repeated that for rotations of 30 years or over, the full sample 
plot procedure should be applied as described in Chapter X and the foregoing sub- 
chapter. 

This lias bnen done in tin* case of the published jicld luhicb for Khoren rolruvta coppice which 
ox tend to an ftge of 60 years. 

The only difference is that when the plots reach the age at which it is decided to 
clearfell them, complete measurement of every tree is possible, giving a valuable 
check on the accuracy of the method and its application. 

(б) For short rotations of 15 to 30 years, the full procedure is equally applicable, 
but it is often possible* to. dispense wit h periodic volume determinations of the 
standing crop h\ ux the fact that a complete measurement will be possible at 



229 


['Thinning Research. 


the final olearfelling at the end of a relatively short period of years: all inter- 
mediate yields are completely measured up in the same way. Total production 
(by assortments if necessary) and mean increment are thus determined, but not 
cutrent increment. Periodic callipering of the standing crop in the usual way will 
however give current periodic basal area increment. 

D. Past Experience. 

France . — Experiments by E. Mer (20, p. Ill) showed that the removal of the 
smaller shoots has a definitely beneficial effect on the growth of the remainder in 
d.b.h. and volume, with consequent increase of money yield, lie found evidence 
that there is probably an optimum number of shoots per stool varying with species 
and loeality (1 shoots in his experiments). Jolyet (21, p. Ill) recommends restric- 
tion of thinning to the dominant poles. 

India. -With teak, it was found by Edie (22) that removal of the small shoots 
had very little effect on the growth of the dominant shoots, but it appears that the 
experiments were made in very open crops such that new small shoots promptly 
replaced those cut, a reaction which might conceivably reduce the growth on the 
dominant shoots. Season of cut ting is also probably of importance. 

With sit l (2o), yield tables have been published for coppice growth with thinnings 
in the 5th and I Oth years and thereafter every ten years. The tables differentiate 
two qualities A and 11, and go up to (50 years. No comment is made on the effect 
of different methods of thinning. 

E. Field Work 

The procedure is the same as is prescribed for sets of thinning plots in poles anil 
tree crops on p. 22; > to p. -27 . The points to which special attention should be given 
in this type of growth are as follows : 

(1) )S election oj plots. I’lotfj should he as dose together as the crop and ground 
permit. -They will usually bo laid out at the. age when the first real thuming is due, 
and it should be seen that the stocking is of equal density and similar distribution 
in all the plots of a set, that the stools themselves are comparable as between plots 
in size and conditions ; and, in the case of mixed crops, that the variation in the 
mixture is not so great as to be likely to contuse, the issue, taking into consideration 
the known characteristics of tlio component species. Average height of dominant 
stems should not differ more 15 per cent, in the plots of a set. Age of shoots should 
be identical. Basal area before thinning should not vary more than 10 per cent. 

(2) Surround . — A surround is rarely necessary for the purpose of restricting the 
effect of the conditions of one, plot on the growth of another, but a common surround 
to a set of plots should be laid out for purposes of protection. 

(3) Measurement of standing crop . — 1 The sample plot, rules 29-39 apply for cross 
marking aud numbering (cf. p. 1J8), the latter being usually unnecessary. Periodic 
remeasurements are necessary for purposes of check, at periods approximating 
the standard five years as selected for the particular case (and laid down in Form 2) 
to fit iu with the thinning cycle under investigation. 
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(4) Thinnings . — The grades of thinning (including the more or less mechanics; 
reduction of number of stems per stool) which should be applied, and the ages at 
which they should be made to attain the objects of managements, should first be 
estimated from any available information. The limits between which the optimum 
in both respects probably lies should also be estimated, and a selection made of 
combinations of grade and age to cover the whole range with a reasonable number 
of plots — say 20 at the outside. In making thinnings in crops as regular as short 
rotation coppice, number of dominating stems at the known age forms a quite 
satisfactory basis of thinning. 0 grade may again be taken as standard, and the 
figures suggested on p. 225 for the other grades will probably prove suitable for 
use as checks on the silvicultural description of the grade. 

(5) Measurement of thinnings . — According to local conditions the ordinary sample 
tree procedure may be followed, or the total volume removed may be measured as 
numbers of pieces of standard grades and/or as total stacked volume, with average 
solid volume for the former and the necessary conversion factors to solid volume 
or dry weight for the latter. Special care is obviously required that all stacking 
is uniform, and in all cases, the measurement procedure should be precisely the same 
for the thinnings as for the filial yield cm clearfelling. 

(6) Selection ami measurement of sample trees . — With the small dimensions here 
involved, the necessary measurement can often be, taken on standing sample trees, 
but usually there is no difficulty in obtaining the necessary stems from the thinnings, 
at least with the heavier grades. 


F. Computations . 

The actual computations for coppice crops differently thinned introduce no new 
principles, but comparisons of differences in total volume production, and differences 
in the assortments in which a given volume maybe produced, are difficult, as with 
high forest. The only satisfactory way of assessing the comparative results of two 
thinning procedures when the question of assortments is involved- as it always 
is except where the forest is worked entirely for fuel— is to assess the monetary value 
of the yields obtained. Kven if generally acceptable values for the several assort- 
ments concerned cannot, be obtained, fairly reliable ratios usually can be, and are 
equally serviceable lor the purpose here in view of comparison of thinning proce- 
dures. 

(Ill) First thinnings of young natural regeneration. 

A. Object of investigations . 

1. To determine the age (or size) at which the first thinning should be made. 

2. To determine the best method of doing the first thinning. 

3. Incidentally, to determine the extent of any ill effects which may result 
from departing from the age and method silviculturally best suited to the species 
and conditions. 

B. Factors involved . 

(1) Density of rtgeim ation* — Obviously in a general way, the moire open the 
crop, the later rbe necessity for thinning comes in. 
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(2) Natural differentiation, of stems in a crowded crop.- This is known to vary 
considerably with species and conditions. Sometimes the individuals which will 
form the crop of the future soon take the lead and appear to suffer but little from 
the competition of the smaller stems standing between them. More often but 
little differentiation takes place, and all the stems tend to grow up together with 
narrtrw constricted crowns. 

(3) Regularity of spacing of stews.-- It has to be determiner! whether these early 
thinnings should lay more stress on uniformity of spacing- at least for the stems 
of the future — than on individual stem quality. 

(4) Intensity, —In very young crops, crown thinning can hardly be differentiated 
from ordinary, and it is usually desirable to thin as heavily as can be permitted, 
to enhance increment and to avoid the necessity of making repeated unremunerative 
thinnings. 

(o) Quality of locality. Regeneration is slower to close up either naturally oi 
aftrtr thinnings on the, poorer sites, and optimum treatments varies accordingly. 
Growth in early years is liable to be determined more by local and often temporary 
influences, than by actual quality of locality, so that the latter should be considered 
as reflected by the older growth in the vicinity as well as by the regeneration under 
investigation. 

(C) Method of investigation. 

The standard sample plot procedure as given in Chapter X and in this Chapter 
(*n p. 222 meets all requirements. Only small trees are in question so that cross 
marking and numbering are not usually necessary and quite small plots (say 0 2 
aero) will give the information required. Although it is very useful to be able to 
continue these thinning plots for the later stages of growth, it is desirable to keep 
the immediate object more closely in view, and often to utilise patches of re- 
generation which would be unsuitable on account of small size, situation, or other 
reasons, fox maintenance as Permanent Sample plots. More than usual care will 
bo required that the selected plots are initially comparable, and possess comparable 
conditions for growth as regards soil, exposure, proximity of other growth, and ex- 
traneous agencies such as grazing, and as this is a difficult matter, several sets of 
plots should be considered essential. Practical considerations will usually limit 
the number of plots in a set to 2-4, so that grades oi thinning should be investi- 
gated in one set, thinning being done at, the same age. for all, while year of thin- 
ning should be varied in a different set, all plots of the set being thinned to the 
same grade. 

A period of years during which the investigation is to be continued, at least 
in the first place, should be decided, and the mode of comparing results in the several 
plots should be foreseen as far as possible because the data to be recorded will 
depend on it. Crop height, number of stems, average diameter and quality of 
stems and crowns will be of primary importance in deciding the further develop- 
ment of the crop, and statistics for these characters must be collected. It can 
only be left till the end of t*ho investigation to decide to what extent high values 
for some of these factors are offset by deficiencies in others. 

The series of plots required for such an investigation should be determined as follows. Firstly 

only ono forest type or quality can be dealt with at a time. Thinning on C and D grades vail 
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usually require to be tested with either an unthinnod or B grade plot as control (choice depending 
on local conditions), and a research “ E ” grade added if possihlr. In some cafees, it may be 
desired to test thinning on the more mechanical basis of minimum spacing subject to such 
provisos as the type of crop calls for, and the set w ill consist of plots thinned to different minimum 
spacings, perhaps with different provisos. In an age (or size) set, the set may consist of plots 
in which thinnings on say 0 gTado, or a minimum spacing of (>', arc made when the dominant 
stems average 4*, (>' and 8* in diameter, or 4* in diameter and 10 and 20 years later, or 20', 
40", and 50' in height;. In such sets it is obviously of the utmost importance to select, demarcate 
and record the whole set of plots at the start so that initial comparability can be guaranteed. 

% D. Field work. 

Standard sample plot (Chapter X) and thinning (Chapter XI, p. 22. r >) procedure 
is followed as qualified for crops of small trees not necessarily to he maintained for 
a long period. 

B. Computations. 

Total production is of less value in the present connection than average dimen- 
sions. Of the fi ve different bases for comparison listed on p. 227, (ii) and (v), averages 
for all the dominant trees and for the largest x per acre, arc most useful. 

(IV) First thinnings of young plantations. 

A. Objects. 

As in the foregoing section, p. 230. 

B. Factors involved: 

These are. as in the foregoing sub-chapter, but the following special considerations 
also come into question under the heads listed there 

(1) Density. -Initial spacing, with percentage of unreplaced casualties and 

their distribution, determine the density of plantations. The stems 
being usually regularly spaced, can make fuller use of soil and light 
than natural regeneration. Spacing in plantations is thus included 
in the scope of the present head. 

(2) Stem differentiation.— All conditions being more uniform than in natural 

regeuetation, stem differentiation tends to be slower, and intense 
competition more prolonged if thinnings are not done. 

(3) Sparing after thinning.—" Mechanical ” thinning (subject of - course to 

a few obvious and necessary provisos), stressing even distribution 
over slight superiority in form or vigour, may require study. 

(4) Intensity . — With the usually slight differentiation existing in young 

plantations, the standard thinning grades are sometimes difficult to 
apply. Number of stems per acre at the selected age on a given quality 
of locality thus becomes the natural basis, with diameter replacing 
age when quality is not known. 

(•>) Quality of locality.- -The poorer the quality, the more stems per acre 
at a given age. For & given diameter the number of stems also tends 

f. b« mtiTc on the poorer quality, but. as a rule there m but little 
difference. Hence “the remark in the last paragraph. 
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C. Methods of Investigation. 

» 

The standard sample plot procedure as given in Chapter X and this Chapter, 
p. 222, is applicable with the simplifications given for crops of small trees. 

•The age at which the first thinning may be done, and the proportions of stems 
to be removed are selected to cover the range considered necessary from such data 
and observations as are available. It i*s inadvisable to begin with too many plots, 
although plantations offer exceptional facilities for laying out sets of plots, and the 
range should be so taken that the risk of its being inadequate, is small. 

The method of conducting the investigations and comparing results given on 
p. 231 for natural regeneration, is applicable here also. In addition, the possibility 
of varying initial spacing should be included, and plantations specially raised with 
spacing ranging well on both sides of what is estimated as likely to prove the opti- 
mum. Line spacings as well as the more usual square or triangular spacing may 
call for trial. 

2). Field work . 

The standard sample plot procedure is simplified in one or two respects. 

(!) As noted, plots may be smaller if necessary, though in view of the desir- 
ability of maintaining them for a further indefinite period after the 
immediate purpose is fulfilled, they should not be unnecessarily so. 

(2) The Plot Chart can be prepared mechanically owing to the uniform spacing 

of the plants. The boundaries should however be surveyed in the 
usual way as the spacing will rarely be sufficiently accurate to be* 
accepted without check. 

(3) The details of the method of thinning will be decided beforehand as part 

of the treatment under investigation. As noted, it may be primarily 
mechanical, such as the removal of every alternate plant, and the 
standard scale will usually require amplification (as by reference to 
the number of stems per acre) to be applicable to these plantations. 

(4) Costs and value of # material removed being usually of considerable 

importance in the present connection, they should be recorded when- 
ever possible, with notes as to the relationship they might bear to the 
estimated values for large scale operations. 

(5) Sample trees are usually obtainable with a niinum of difficulty, and 

can usually lx* measured standing if required. 

E. Compulations. 

As for natural regeneration, see p. 232 and p. 227. 

(Y) Thinning in mixed crops. 

A. Objects. 

Attention will be specially directed to obtaining the maximum increment possible 
on the most valuable species, at the same time allowing the subsidiary species to 
fill the role allotted to them, whether of soil protection or production of a special 
class of 'material. 
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B. Factors involved. ^ 

In addition to those involved in all thinning investigations, the following further 
complications conic into question : 

(1) Relative rates of growth of the species concerned. 

(2) The variations of those rates with age. 

(3) Relative light requirements. 

(4) Varying proportions in the mixture. 

(5) Special distribution in the mixture— stem-wise or in groups. 

C. Methods of investigation. 

The problem is so complicated that there is little hope of delinite results unless 
the number of variables is reduced to the least possible. Thus the mixtures to be 
studied first should be simple ones of two species only, or (definitely less satisfactory) 
only one important species to be favoured above all the rest. Age should be reason- 
ably uniform and so plantations offer the best opportunities for this study,— as 
also because they provide plots with the same proportion of the species concerned 
with the same type of intermingling. Results from plots in which these factors 
vary appreciably can never give conclusive and convincing results as interpretation 
must largely depend on the relative significance given to the several variables: — a 
matter of opinion for the most part. 

In few other investigations is it so important as in these to have a clearly defined 
object in view and a clear statement of the treatment to be applied. 

I). Field work. 

As noted above, plantations offer the best facilities for adding to our knowledge 
on this subject. As it is the early thinnings which have the greatest effect on 
development, it is often possible to raise mixed plantations with the stem distribu- 
tion and age difference (if any) considered most promising for the end in view, 
whilst many youug plantations exist in which mixtures have been raised, e.g., teak 
and Xylia, Dalbergia and Eugenia, etc. 

Young regeneration, notably the mixed conifer regeneration of the Himalayas, 
also offer opportunities for investigations which are much called for, as lack of 
continuity of treatment has often shifted the balance between the species beyond 
recovery (as for example lor Pinas eredsa among Cedrus Deodar a). It is to such 
cases that the italicised remark in the foregoing section applies. 

Sample trees are required for each species. 

Riots will require maintenance for 10-20 years in the first place. 

E. Computations. 

Volumes and average dimensions should bo calculated as described in the pre- 
vious sub-chapter (r\*). Interpretation of results is again even more difficult with 
the extra factors to be taken into consideration, but if the object of the investiga- 
tion has been well drafted, an answer should be obtained. 
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CHAPTER XII. 

Compilation o! Yield Tables. 

• (I) General considerations. 

Yield tables should present in summarised form all the essential data for the 
development of fully stocked and regularly thinned even-aged crops, from their 
origin to at least an age when current and mean annual increment have passed 
their culmination. The primary requirement is knowledge of volume production 
for main crop and total yield, intermediate yields being given by the difference of 
these two quantities but crop averages are also required for diameter, height, and 
number of stems, and it is customary to add crop basal area and form factors though 
these quantities are derivable from the others. Stand tables shewing the average 
composition by diameter classes of crops of given crop diameter form an important 
supplement, essential for conversion of volume yield tables to money yield tables. 

Separate, tables are required for each method of treatment (notably differences 
in thinning) and in almost all eases development varies according to the quality of 
locality between such wide limits that separate 4 tables are necessary for each of a 
series of arbitrarily delimited quality classes or of natural forest types. 

A yield table gives all the data, for a determination of the growing stock and 
increment of the normal forest, volume figures being capable of direct summation 
as equal distribution of the age classes is an essential to normality. 

Kx. 3th A ormul forest of sal, average. Quality If on 100 year rotation . From 
Howard's yield tables , considering stem timber only , final yield 
volumes jn r acre are 

. . . 10 20 30 40 50 00 70 80 00 100 Total. 

Volume per acre . 0 0 0 1,040 2,000 2,700 3,380 3,785 4,000 4,205 21,380 

This volume of 21.3b0 c.ft . Limber stands on 10 acres ready for thinning , the volume 
which may he removal as thinnings being 1.29$ direct from the tables . On the coupes 
99- 91 years old. there trill be the final yield for age 100 ( before thinning) minus 7- 9 
ann ual increments or 15 annual increments in all. and similarly for $9 SI , etc. So 
the sum oj the current annual increments (556) multiplied by 45, i.e., 25,020 e ft. is 
subtraded from 213,800, giving 188,780 eft. as the normal growing stock on 100 
acres before thinning , or 183,220 immediately after felling the final yield of 4,265 eft . 
and the thinnings amounting to 1,295 eft. (See also ttchlieh’s Manual of Forestry, 
Vol. Ill, 1925, p. 211). 

Ex. 40. Normal Annual Increment for the same forest, per 100 acres . 

Period , . . .0-10 10-20 20-30 30-40 40-50 50-60 00-70 70-80 80 90 90-100 

Inclement- per acre . . 0 0 0 104 102 87 82 69-5 59 52-5 

Total on 10 acres 556 c.ft. 

Total on 100 acres 5.560 c.ft. 

This figure is of course equal to the Total Yield at 100 ymrs of the yield table , since 
each year one acre of mature crop could be felled (4,265 eft.) and a full set of thinnings 
made (1,295 eft.), 

P 
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The procedure laid down for the computation of sample plots aims aL collecting 
the data for ca.ch in the form most convenient for compilation of yield tables, and 
almost every figure, required can he obtained direct from the Form 6 of the plot. 

The yield tables for Indian species which, have been published so far, are listed 
in the following table : — ® 


Species. 

Locality, etc. 

umber of 

quality 

classes. 

J )atc. 

o 

Keforcnoo. 

Tcrhuwi ijrainlis 

Xilanihnr 


HI ■« 

Working Finn. 

Shoron robust a 

United Frovinrcs. 1 1 iifli 
Forest . 

<> 

I'H.’.l 

hid. For. Fee., 
Vol. X, Farl 111. 

Shoron robusta . 

Coppice 

2 

1 02(» 

Ind, For. Kec., 

Vol. Ml, Fart 
IV. 

l)albor«in Sisson 

Xalurnl crops 

l 

1 !):?:» 

For. Full. (ilk 

Finns lon^iltfli.'i 

N, W. India 

a 

IU2I. 

1ml. For. Fee., 
VoJ.XIUFait V. 

(Vrlrns Done Jura 

Ditto ♦ . J 

a 

hum* 

Jnd. For. Roc., 
Vol. XII, Fart 
VI. 

Finns oxoolsn 

I lit to 

a 

HILMI 

Ind. For. Fee.. 
Vol. Mil, Fart 
X. 


Of these. I .hat for teak was made in the N i lain bur division expressly for the 
plantations there, using local units of measurement and a rather different held and 
computation technique from that used for all the remainder. The latter have all 
been compiled on similar lines based on sample plots laid out, measured and com- 
puted as prescribed in the 1921 Statistical Code, except that the last mentioned, for 
Vimis vjTrlsa, incorporates a few additional features foreshadowing the proscrip- 
tions and rceommenda lions of this .1930 Code. Compilation has been done at the 
Forest Research Institute on all available data from all provinces. 

It is not desirable to lay down any stereotyped method for compiling the sample 
plot data into yield tables. Tin* following sections aim at shewing how the existing 
tables have been obtained and suggesting the chief alternatives at eaeJi step. 


(II) Differentiation of site classes (quality classes). 

(a) Site classes arc best has on the crop age and average height of the biggest 
trees. Tin's average .height may be read off the Height Age curve as the height 
corresponding no the mean diameter (calculated from basal area) of the 100 biggest 
diameters per acre for each plot (i.e.. of the first- two groups in most, eases). Crop 
age is directly available from Sample IMot Form 0, or may be taken from the Dia- 
meter Age curve- for the same mean diameter, the difference being small. 

Tais crop In?. ix>«*ti road from tin? Awv Diameter curve* ut tb* 1 uu-nn dinuiofrr for the 
v'}h>h ;,ol vs that for the 1U0 biow** diameters. 





237 


[Yield Tables. 


AlMhithcrto published yield lable* give mean data for quality classes delimited on the basis 
of 1 lid- average height of all trees. The relationship between height of biggest, trees and avenue 
heigh § h\ being computed and will he published. Tt is suggested the former be termed * Toy* 
heiyht.' 

Quality classes should be numbered with Homan ordinals, I, It, III 

§ the highest qualify being I. 

(b) The crop or top height of all plots should be plotted against age, on a suit- 
ii.bR* scale. 

(c) The further stages vary according to the method followed in delimiting 
qualities. Two methods are described in the following sections, and a third exists 
based on Cajamler’s theory of forest type's. The last mentioned has been adopted 
by llvessalo for Kin land (21), and does not require further elaboration here. 

Mcl h*xl /, based on Ho ur's privcipU* of sub-division of lim it ing curves. 

(d) The plotted distribution should be carefully examined for the selection of 
guiding points (say 1 per 20 years) along the top and bottom limits, tentatively 
rejecting the obviously abnormal points. 

(e) Limiting curves should be drawn through the guiding points making use of 
any curves available from height analysis in the plots concerned. The upper part 
of each such curve from analysis should be given more, weight than its lower parts. 

(/) The number of qualities to be differentiated should be fixed with reference 
to — 

(1) Difference between the leading curves. 

(2) Practical limits of accuracy in height determination. 

(:») Closeness of management foresee,!) . 

(//) The space between the limiting curves should then hi divided symmetrically 
by a number of curves one less than the number of qualities to be differentiated. 

(//) Three quality classes will usually meet requirements and so have most 
usually been differentiated. 

The number* in published Indian Yield tablet* are noted in the list given above* on p. b. 
but it may he noted lhat *N horm require* one quality be low the lowest given, and Ticttnm needs 
one above and one below. THe majority of European tables distinguish fixe qualities. 

M find. If, fused on e/ud steps in high* or volume e-dues at a given age . 

This method described below is commonly followed in America (vile fiassett), the value taken 
being Imiglil. It has also been applied in the reecnily published yield tables for J’irius unfsa. 
using i inp height at. ‘JO years. »^ee Curve JX, 1 ml. Km\ Hoc., Vol. Xlll* Pt. -X. r labl<s haxe 
been published in Europe using total 3 iejd at 100 years but application is more difficult. 

A larger number of classes is usually distinguished as compared with Method 1. 

(</]) A single mean curve is drawn over the points with the help of any stem 
analysis curves available. The points may be grouped and averaged first if found 
desirable. 

(Cj) At any convenient age after the period of rapid height growth is completed, 
preferably somewhat less than the most usual rotation age lor the species, a con- 
venient number of equal height intervals (usually 20', 25' or 30' (art? selected to 
limit site classes. 

(/,) A set of curves through the points so obtained is drawn symmetrically with 
the guiding curve drawn under d,. 

r 2 
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(III) Main crop curves and tables by quality or site-age clashes. 

A. Preliminary commutations . 

1. Plot data (Sample Plot Form 6) are sorted by quality or site classes by crop 
height or top height us preferred. 

2. For each quality, the following averages for the main crop only may be obtained 
for each decade. 

(i) Basal area per acre. 

(ii) Average height (for whole crop, not top height). 

(iii) Total number of trees per acre. 

(iv) Timber volume per aero. 

(v) Stem sniallwood volume per acre. 

(vi) Percentage of branch sniallwood to stem sniallwood. 

(vii) Average diameter. 

(viii) Form factors for timber and for .stem sniallwood. 

A plot, which appears to belong to different qiudit v dasM-t: at r-.uccoFs.ive measurement 
— such plots are of quite usual neeurrence- should he ;i 1 L>1 1 < •< I to one or other <| unlit ,\' 
class after due consideration of nil relevant, factors. As a rule, the indications of the 
later measurements will ho more reliable. 

Average diameter should he obtained lor each decade by dividing the sum of the ha sal 
areas per acre hy tjie numher of stems, and Jiudiug the diameter corresponding to this 
average stem basal area— not hy averaging the pint- diameters directly. Comparable 
procedure for height is not net < saary as the di lie re nee involved is negligible, but form 
factors should similarly he obtained hy totalling the volumes and dividing by average, 
height and average basal area per acre. 


B. Curves. 

1. Seta of limiting curves hy qualities or site classes may then be drawn over 
the plotted decade averages for each of these quantities, smoothed, and harmonised. 

2. Individual plot values may again he plotted on the harmonised curves to 
permit of the consideration of deviations with a view to rejection. .Rejections 
should be based mainly on deviations from the basal area curve. 

For this purpose, it is advisable to compute (he Mtindmil <!<\iafioti of (he individual points 
for each curve; the eriiciion for rcjcrijoii is l Juj i for any point, i be actual deviation from the 
curve may not appreciably exceed three lime.- the ink-uluUd Mandat'd dotation. 

It should be remembered that under existing coedit ion.* , our older plots often curry per acre 
a much larger volume., basal area and number «.i lues than will future crops which have been 
regularly thinned from early life. In crops ot ihe laikr tyj • a large part of the increment is 
removed in the form of thinning*, and after a certain n.ue, Ibh.rh.g* (quid end may veil exceed 
the periodic increment, so that be sa! art a m - mains I’onsianv e;;< i pi toi very insigndi ant. devia- 
tions. Therefore plots indicating highei values in Ine.-e n.u.LLi.s should be Mispt rl il of being 
abnormal and should he examined for reject ion. The mean should thus tend towar the lower 
half of the zone of points for each site class 

3. Average curves should be drawn symmetrically between the limiting curves 
for the several qualities obtained by Step 2. 

C. Tabulation and adjustment of curves . 

1. Values for 10, 20, 30 years can be read from the curves and tabulated 

by qualities. 

2. Branch smaUwood volume should be calculated lroiu its percentage relation- 
ship to stem small wooyj. fotreach decade. 
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3. The i^erage diameter (D), number of trees per aere (N), and the basal area 
per acre ( S ) curves should be mutually readjusted so that, for each decade, number 
of trees per acre times average basal area per tree (a) equal basal area per acre, i.e., 
8 q that Na—S. This adjustment should be made mainly on the number of stems 
curve. 

4f. The values of crop form factor (F), average height (II), and basal area per 
acre ((S'), can be read from the curves. Volumes per acre should be calculated for 
each decade, and a second set of volume curves drawn, (i.e., for Fx II xS). These 
Fxll xS curves should be checked against the original volume curves drawn under 
B. 3. above. Any discrepancy found should be eliminated by adjustment of the 
two curves as far as possible, and in case of doubt, the FxH XS value should be 
given more weight. 


(IV) Subsidiary crop. 

(а) For each site class, the following averages can be computed for each decade 
and curved over age : — 

Main and subsidiary crop together. 

1. Total yield in stem imber per acre. 

2. Total yield in basal area per acre. 

3. Total yield in stem smallwood per acre. 

4. Current periodic increment (10 year periods). 

Subsidiary crop only. 

1. Average diameter. 

2. Average height. 

3. Percentage of branch smallwood to stem smallwood. 

In the case or crown thinnings, the average height of the subsidiary crop will as a rule he 
greater than the corresponding main crop values, and the average diameters may shew the same 
feature!. 

(б) The basal area and volume for the subsidiary crop can then be calculated as 
differences between values read off the curves drawn above, anil the corresponding 
values for the main crop already determined. 

(c) From the current periodic increment read off the curves (jniddle of decades), 
thinnings can also be calculated from the following relationship : — 

T=I— (V 2 V x ), where 

T=Volume of thinning. 

I=Periodic increment (10 years). 

V 1 ==Main crop volume at the beginning of the period. 

V 2 =Main crop volume at the end of the period. 

These values may then be compared with those directly determined under (b) 
above, and any differences eliminated by readjustment of curves if possible. 

If subsidiary crop timber and smallwood are very irregular values, as will be the case when 
the majority of the plots have had only one o* few measurements, the procedure prescribed may 
be found unsatisfactory. If this is so, percentage of subsidiary crop timber and smallwood to 
the corresponding main crop values m*y be calculated, averaged and smoothed by curving to 
derive tentative values. 
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(d) The number of trees in the subsidiary crop is given by the successive reduc- 
tions in the numbers standing as main crop in each decade already determined. 
Basal area being known, mean tree basal area and diameter are readily deduced. 

(<-■) Branch smallwood can be obtained by applying curved* percentages to eof- 
responding stem smallwood volumes. , 


(V) Alternative methods for curve construction. 

The possibility of applying the principles of anamorphosis or alinenient charts 
to yield table curves should be considered (25). 

Tli^ iul vantages of tniainurphoxi# an? that the. curves arc. all straight lines and. so simple to 
count and t Itoro is fuller scope for the. application of statistical technique. 

The main objection is that application of this method results in mean and current annual 
im renU'nt for all site Hasses culminating at the same age, which is contrary to accepted notions. 
Alt rtr.ttnnl churls have the following advantages: — 

(1) The number of curves to be titled is reduced with consequent saving in 

labour, and the curves are usually straight lines. 

(2) Interpolation is simple. 

(3) Final results are presented in the form of compact diagrams which are 

as easy to read as the tables anil in some ways more convenient. 


(VI) Statement oy deviations from has jo curves. 

{a) For each quality class or the whole data, average error and aggregate error 
may be calculated for the following values, ami curved over crop d.b.h. — 

]. Number of stems per acre. 

2. Basal area per acre. 

3. Average diameter. 

J. Volume per acre. 

Aggregate error is computed as the (Inference between the sum oi estimated 
values of all the plots interpolated for ag<* and quality and the sum oi the. actual 
values of the plots. The average, and aggregate errors indicate the degree of close- 
ness of lit of the curves to the data, and so the weakness of any of the tabular values 
is rendered apparent. 


(VII) Avtltoation of yield tables. 

(a) Yield tables give only smoothed mean values, and even when all the condi- 
tions for their application are fulfilled, individual variations from the mean are 
always to be expec ted in application to specific instances. 

( b ) Yield tables can only be applied to crops which can be considered as even- 
aged 

(e) For calculation of growing stock, the average quality, age and density of the 
crop must be estimated for each unit of area and the corresponding figure derived 
from the table. 

(d) Quality may be determined by estimating the average height of the 50 
biggest dominant ahd co-dominant trees per acre, i.e., of the biggest trees spaced 
about 30' apart, and interpolating for this height and the known age in the yield 
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table curvy or tables. The precise procedure will depend on the way the yield 
tables in question have been prepared. 

(e) Age should be determined by averaging ring countings of a. few dominant 
ty*ces (with the addition of the standardised or estimated allowance for age to stump 
height) except when it is known from records. 

• The possible discrepancy involved in determining height iron some, trees 
and age from others is not in practice serious. 

(/) Density should be estimated from the closeness of flu* canopy, full density 
being taken as the maximum known to occur in crops which have been suitably 
tended, for the given species at the age concerned. 

It is possible for the density to exceed, unity in crowded crops whose tending 
has been neglected. 

(y) Stands which at any time are found to be normal according to the yield tables 
for the given site and age, will not remain so unless thinned on the lines forming the 
basis of the yield tables used. 

(k) The increment of understocked stands is not necessarily less than that of 
fully-stocked stands, owing to a possibly higher rate of growth in basal area and 
improvement in form. 

( j ) Over-stocked stands contain a greater volume than is shown in the yield 
tables, and if this excess is not removed, there may be a resultant stagnation in 
diameter increment and mortality may increase. 

(VIII) Stand tables. 

(a) For each plot, the number of diameters per acre should be calculated by 1" 
diameter classes, giving the ; stem distribution series '. 

(it) For each 1" diameter class (crop diameter), the stem distribution series of 
plots concerned should be totalled and averaged. 

(Jenerally all quality classes may be taken together, but this should not lx* 
done if the data indicate that- differentiation by quality classes exists as 
Cajander found with his tyfces. 

(c) The figures of each of the average stem distribution scries should be totalled 
cumulatively, and these totals expresses l as percentages of the total number of stems. 
The totalling begins from the smallest diameters and the totals represent numbers 
up to limiting diameters. 

(<l) These percentage series for each site-age class should bo examined with a 
view to determining whether they represent reasonably normal frequency distribu- 
tion, as they should for even-aged crops. This should be done by plotting the per- 
centages against diameters on frequency paper (which is so ruled that normal fre- 
quencies, expressed cumulatively, fall on a straight line). If frequency paper is 
not available, a mathematical or graphic test should bo applied using the original 
percentages (not cumulative). 

(c) If the distribution can be taken as normal, a set of smoothed curves for the 
cumulative percentages may be drawn and harmonised, and average) values read 
from the curves at each whole inch. 

Usually the data will nut be numerous enough to even out errors of sampling, with the result 
that it will bo extremely difficult to draw an acceptable set of curves ; to overcome this dilli- 
culty, a moro technical procedure is called for. 
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In the case of ukew distribution, the possibility of using the alinement chartimethod should 
be considered. J 

Ihe stand table for any given crop diameters such as those given in the yield table for succes- 
sive decades, can be derived directly by interpolation between the curves. 

(/) If ft ft found that the distribution can be taken as normal, the diameters 
corresponding to 50 and 84 percent, (cumulative) should be read off. The 50 per 
cent, figure represents average diameter (arithmetic mean), and the difference 
between the 84 per cent, and 50 per cent, figures represents its standard deviation. 

In the case of definitely skew distribution, laborious mathematical treatment 
is called for. 

( 9 ) The average diameters and standard deviations should then be smoothed by 
curving over the actual crop diameters taken from the basic data tables derived 
from basal area, and finally read off against each whole inch. 

(A) The stand tables shewing the percentage of trees exceeding given diameter 
limits for any crop diameter, should be derived graphically by plotting average 
diameter [as in (c)j and standard deviation on frequency paper, or by calculation 
with the help of suitable tables. 

Stand tables may also be prepared fur any given crop showing : — 

(a) Distribution of stems by d.l .h. classes of any desired interval. 

(b) Distribution of basal area or volume of stems for the same d.b.h. classes. 

Ex. 41. An example of Stand Tables will be found on pp. 20-23 of Ind . For. 

Rec . , Vol. XIII , Ft. X , Yield Tables for Blue Fine. 
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[ Area of Circles 
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APPENDIX Vll-wM 
Areas of Circles -amid. 
l)\amtm (hi" to (10 'If — conttl. 

Area of circles for (Haw tiers of 02 inches to 00 inches 
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7-f.Oi 2 

“ 

7 • r i 1 7 7 
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APPENDIX VIII. 

Volumes of Cymndkrs or Sums of ('hulks. 


Diameter 

• 



Length of cylinder or number of circle*. 



in 
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Diameter 

in 
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APPENDIX VI II — contcL 

Volumes of Cylinders on Sums of Circles contd . 


Length of cylinder or number of circles. 
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96*3850 108*4338 


113*0976 

117*8586 


95*4478 109*0832 122*7186 


14*1863 

14*7480 

15*3207 

15*9043 

10*4988 


28*3726 

29*4960 

30*0444 

31*8080 

32*9976 


42*5589 

44*2140 

45*9021 

47*7129 

49*1904 


50*7452 70*9315 

58*9920 73*7400 

01-2S2S 76*6035 

63*6172 79*5215 

05*9952 82*4940 


85*1178 99*3041 113*4904 127*6767 

88-4880 103*2300 117*9840 132*7320 

91*9212 107*2449 122*5650 137*8863 

95*4258 111*3301 127*2344 143*1387 

98*9928 115*4910 131*9904 148*4892 


17*1042 
17*7200 | 
18*3478 I 
18*9859 
19*0350 


34*2084 
35*4412 ! 
36*6950 
37*97.18 
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53:1018 

55*0434 

50*9577 
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, w . 4 ii W 85-5210 102-6252 119-7264 136-8336 153-9378 

70-8824 88-0030 106-3236 124-0442 141-7648 159-4854 

74-3012 91-7390. 110-0868 128-4346 146-7824 165-1302 

7V)4‘16 94-9296 113-9154 132-9013 151-8872 170-8731 

7 £v,«m 98-1750 117-8100 137-4450 157-0800 176-7150 
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APPENDIX IX. 


BQtnrti ot Humber* 1 — 1000. 

Table of Squares . 


No. 

0 

• 

1 

2 

3 

4 

5 

6 

7 

8 

9 

I 

10000 

12100 

14400 

16900 

19600 

10201 

12321 

14641 

17161 

19881 

10404 

12544 

14884 

17424 

20164 

10609 

12769 

15129 

17689 

20449 

10816 

12996 

15876 

17956 

20736 

11025 

13225 

15625 

18225 

21025 

11236 

18456 

15870 

18496 

21316 

11440 

13680 

16129 

19769 

21609 

11864 

13924 

16384 

19044 

21904 

11881 

14161 

16641 

19321 

22201 

15 

16 

17 

18 

19 

22500 

25600 

28000 

32400 

36100 

22801 

26921 

29241 

82761 

36481 

23104 

26244 

29584 

38124 

36804 

23409 

26569 

29929 

33489 

37249 

23710 

26896 

80276 

33856 

87636 

24025 

27225 

30625 

34225 

88025 

24836 

27550 

80976 

34596 

38416 

24649 

27889 

31329 

34909 

38809 

24964 

28224 

31684 

35344 

30204 

25281 

28561 

32041 

85721 

30601 

20 

21 

22 

23 

24 

40000 

411(H) 

48400 

52900 

57600 

40401 

44521 

48841 

53361 

58081 

40804 

44944 

49284 

53824 

58564 

•11200 

45369 

49729 

54289 

59049 

41616 

45706 

50176 

54756 

59536 




43264 

47524 

51984 

56644 

61504 

43681 

47961 

52441 

57121 

62001 

25 

26 

27 

28 

29 

62500 

67600 

72900 

78400 

84100 

63001 

68121 

73441 

78961 

84681 

63504 

68644 

73084 

79624 

85204 

04009 

69169 

74529 

80089 

85849 

04510 

69696 

75076 

80656 

86436 

65025 

70225 

75625 

81225 

87026 

05536 

70756 

76176 

81796 

87610 

66040 

71280 

76720 

82360 

88200 


r** 

07081 

72361 

77841 

83621 

89401 

30 

31 

32 

83 

34 

90000 

96100 

102400 

108900 

115600 

90601 

96721 

103041 

109561 

116281 

01204 

97344 

103684 

110224 

116964 

91809 

97069 

104320 

110889 

117649 

92416 

98590 

104076 

111556 

118336 

93025 

99225 

105625 

112225 

110025 

93636 

99856 

106276 

112896 

110716 

94240 

100489 

106920 

113560 

120400 

94864 

101124 

107584 

114244 

121104 

05481 

101761 

108241 

114921 

121801 

35 

36 

87 

88 

39 

122600 

129600 

136000 

144400 

162100 

128201 

130821 

137641 

145161 

152881 

123904 

131044 

138384 

145924 

163604 

124609 " 

131760 

130129 

146689 

154449 

125316 

132496 

139876 

147456 

155236 

126025 

183225 

140625 

148225 

156025 

126736 

133956 

141376 

148006 

156816 

127440 

134680 

142129 

149769 

157609 

128104 

185424 

142884 

160544 

168404 

■ 

40 

41 

42 

43 

44 

160000 

168100 

176400 

184000 

198600 

160801 

168921 

177241 

185761 

194481 

161604 

169744 

178084 

186624 

195364 

162409 

170569 

178929 

187489 

196249 

163216 

171396 

170776 

188350 

197136 

164025 

172225 

180625 

189225 

198025 

164836 

173056 

181476 

190096 

198916 

165649 

173889 

182329 

190969 

199800 

160464 

174724 

183184 

191844 

200704 

167281 

175661 

184041 

192721 

201601 

45 

46 

47 

48 

49 

202500 

211600 

220900 

280400 

240100 

203401 

212521 

221841 

231361 

241081 

204304 

218444 

222784 

232324 

242064 

205209 

214369 

223729 

233289 

243049 

206116 

215296 

224676 

234256 

244036 

207025 

216225 

225625 

235225 

245025 

207936 

217156 

220576 

236196 

246016 

208849 

218089 

227529 

237169 

247009 

209764 

219024 

228484 

238144 

248004 

210681 

219961 

229441 

239121 

249001 


60 

61 


68 

64 


250000 

251001 

260100 

261121 

270400 

271441 


281961 

| 291600 

292681 


252004 

262144 

272464 

268024 

293764 


269009 

268169 

273529 

284089 

294649 


264016 

264196 

274576 

285156 


255025 

265225 

275625 

286225 

297025 


256086 

266256 

276676 

287296 

298116 


257049 

267269 

277729 


268064 

268324 

278784 

289444 

300304 


259061 

269361 

279641 

290521 

801401 
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Squid ot Number* 1—1000 — conW. 

Table of Squares — oontd. 


No. 

0 

■ 

B 

■ 

■ 

5 

0 

7 

8 

■ 

W 

80 

67 

68 

60 


1103001 

304704 

305809 

306016 

308025 

300136 

310249 

311304 

312481 


314721 

815844 

310969 

318096 

310225 

320350 

321489 

322024 

32870L 


326041 

327184 


329470 

330025 

331770 

332929 

334084 

335241 


337561 

349281 

338724 

350464 

§§j 

341050 

352830 

342225 

354025 

343300 

355210 

344509 

350400 

345744 

357604 

346021 

358801 

00 

61 

02 

360000 

361201 

362404 

303600 

304810 

300025 

307230 

308449 

309064 

IPR 

372i00 

373321 

374544 

376709 

370096 

378225 

370450 

380089 

381924 

mmrnm 

384400 

386641 

386884 

888129 

389376 

300025 

391870 

393129 

394384 


03 

300000 

398161 

399424 

400689 

401950 

403225 

404400 

405709 

407044 

408321 

04 

409600 

410881 

412164 

413449 

414730 

416025 

417316 

418000 

419001 

421201 

05 

66 

422500 

436600 

423801 

136691 

425104 

438244 

426400 

430569 

427710 

440890 

429025 

442225 

430336 

443550 

431040 

444889 

432904 

440224 

434281 

447561 

07 

68 

448900 


451584 

452020 

454270 

455025 

450970 

458329 

459084 

401041 

462400 


406124 

400489 

407850 

469225 

470500 

471960 

473344 

474721 

60 

476100 

477481 

478804 

480249 

481036 

483025 

484410 

485809 

487204 

488001 

TO 

Tl 

72 

78 

74 


491401 

492804 

404200 

405016 

' 497025 

498430 

490840 

501204 

502081 


605691 

600944 

608300 

500700 

511225 

512050 

514080 

515524 

516961 

513400 

SKfnjiTfl 

621284 

622720 

624170 

525025 

527070 

528520 

629984 

531441 

532900 

534361 

536824 

537280 

638756 

540225 

541006 

543109 

544644 

540121 

647600 

649081 

650504 

552040 

563530 

555025 

556516 

558000 

559504 

501001 

75 

5A8A0A 

564001 

565504 

507009 

568510 

570025 

571636 

573049 

574504 

570081 

70 


679121 

580644 

582169 

583090 

585225 

580756 j 

588289 

580824 

591301 

I** 

T7 

78 

70 

602000 

504441 

505984 

597629 

5UOO70 

600025 

602170 

003729 

005284 

00084 L 

608400 

609961 

011524 

013089 

614656 

610225 

017796 

019360 

020044 

022521 

624100 

026681 

627264 

628849 

630430 

032025 

033010 

035200 

030804 

038401 

00 

040000 

041601 

043204 

044800 

040410 

048025 

040030 

651240 

052804 

054481 

01 

82 

056100 

657721 

050344 

000009 

602500 

064225 

605850 

007489 

009124 

070701 

672400 

074041 

675684 

077329 

078970 

081 >625 

082276 

083920 

085584 

087241 

688900 

690561 

602224 

603880 

005550 

007225 

008800 

700569 

702244 

703921 

90 

84 

706600 

707281 

708904 

710649 

712336 

714026 

715710 

717409 

710104 

720801 

05 

86 

87 

8H 

722oO0 

724201 

725004 

727009 

780316 

731025 

732730 

734440 

736164 

737881 

739000 

741821 

743044 

744709 

740400 


749950 

751080 

753424 

755101 

756900 

758641 

760384 

762129 

763870 


707370 

700120 

770884 

772041 

774400 

776161 

777024 

770689 

781450 

££331 

784900 

786700 

788644 

790321 

80 

792100 

793881 

705664 

797449 

700230 

801025 

802810 

804000 

800404 

808201 

00 

810000 

811801 

813604 

815409 

817216 

810026 

820830 

822049 

824104 

826281 

01 

828100 

829921 

831744 

833560 

835306 

837225 

839050 

840889 

842724 

844501 

02 

846400 

848241 

850084 

851920 

853776 

805026 

867476 

850329 

801184 

800041 

03 

864900 

866761 

868024 

870480 

872350 

874225 

870006 

877009 

879844 

881721 

04 

883600 

885481 

887364 

889240 

891136 

803025 

804016 

806809 

898704 

900001 

05 

902500 

(>04401 

-.*00304 

008200 

010110 

912025 

013036 

915849 

017704 

919081 

06 

921000 

923621 


n 927369 
046720 

029296 

931226 

933150 

935089 

937024 

938901 

07 

040900 

942841 

944784 

048676 

950625 

952579 

054620 

056484 

958441 

98 

060400 

962361 

064324 

966280 

968256 

070225 

972190 

074169 

976144 

97812 L 

90 

980100 

982081 

981064 

986040 

988030 

090025 

992010 

994909 

990004 

998001 
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[ Standing Height. 


APPENDIX X. 

Determination of the height of a tree with Abney’s Level or similar instruments. 

• *A position is taken up such that both top and foot (or cross mark) of the tree are visible and 
the top is at an angle of 35^ to 50°. The angles are then read to the top 0 lf and foot (or cross 
mark) and tho distance d measured in a straight line from the latter to the eyepiece of tho 
instrument. 



The horizontal distance s to the tree is then d mn (0O-O«). 
The height li 1 above the horizontal line is s tan 0 A . 

The height h 2 below the horizontal line is 6’ tan 0 2 . 

Total height, H, ish 1 \ h 2 . 


Notes. 

1. If the tree is leaning, tho position chosen should bo in the same vertical plane as tho axis 
of tho troo. An estimate is made of tho horizontal projection p of the loaning stem and p tan 
0 A is deducted from H calculated as usual. This of course gives the vertical hoight of tho tip 
above the base, not the length of the stem. 

2. Tho cross mark gives a better intersection than the foot of a tree, and should bo used, 
the additional height, normally 4£', being added in at the end. 

3. If the stand supplied with an Abney’s level is used, it will be found that tho eye of the 
observer is considerably lower for the upward reading than the downward The difference of 
the two positions (usually about 2') is measured and deducted from the total height. 

4. The computations are much simplified if tho position is so selected that 0,=45° f when 
hj~s 9 and if 0 a =O° when h 2 —0. 

5. Tables are given on tho following pages for natural sines and tangents for whole degrees 
and intervals of 10' corresponding to the usual graduation of tho instruments used. It will be 

remembered that cos 0=sin (90° — 0) and that tan 0= 

cot 0 

0. The necessary computations can all be readily made on the 10* slide rule with the degree 
4>f accuracy usually required, without reference to tables. 

Lx. 41. 0 1 =42°; 0 a =12°; d=72': F is at cross mark at normal b.h, ; the two posi • 
turns of the instrument are 2' apart in a vertical line , the tree leans towards 
the observer , its horizontal projection being estimated at 8', 

s =d sin (90-0 a )=d sin 78 =72 x *9781 = 70-4. 
hj=s tan 0 X =70*4 x *9004 = 63*4. 

hjr=s tan 0* =70*4 x *2126 = 15 0. 

H =03*4+150 = 78*4. 
p tan 0 A =8 x tan 42= 8 x *9004 = 7*2. 

Vertical height of tree = 78*4+4*5— 2*0— 7*2= 73*7 f t f 


R 
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Natural Sines . 
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[ Natural Tangents, 
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APPENDIX XL 


Useful Constants anb Formula, 

1. English measures. 

1 mile — BO chains = 80 X 22 yards = 5280 ft. 

1 acre — 4840 sq. yard = 43560 sq. ft. 

I sq. mile -•*= 640 acres. 

1 ton — 2240 lbs.- - 50 c.ft. (for transport, etc.). 

1 gallon — 4 quarts = 8 pints = 10 lbs. water — 277 c. ins. =’160 c.ft. 

I c.ft.— 6J galls. == 1000 ozs. water = 62J* lbs. 

i 

2. Relation of English and metric measures . 

1 inch — 25*4 m.m. (25*390978). 1 metre =■- 39*4 ins (39*370113). 

1 foot =■ 0*305 metre (0*304800). „ = 3*28 feet (3*280843). 

1 yard = 0*914 metre (0*914399). „ = 1 094 yards (1*093014). 

1 mile ~ 1*609 kilometres (1*609343). 1 kilometre 0*621 mile (0*621372). 

(Approximately eight fifths.) (Approximately five eighths). 

1 acre — 0*405 hectare (0*40468). 1 hectare = 2*471 acre (2*47109). 

1 sq. ft,-- 0*093 sq. metre (0*092903). 1 sq. metre = 10*764 sq. ft. (10*763931). 

I o. ft. -r 0*028 c. metre (0*028317). 1 c. metre = 35*316 c. ft. (35*315617). 

1 lb.= 453*592 grams. 1 kilogram = 2*205 lbs. 

1 sq. ft. per acre -- 0*230 sq. metre per 1 sq. metre per hectare = 4*356 sq. ft. per acre, 
hectare. 

1 c.ft. per acre == 0*070 c. metre per 1 c. metre per hectare =14*291 o.ft. per acre, 

hectare. 


~ mmmm 



Cubic feet per 

Cubic metre per 



Cubic metres to 

Cubic feet to 

aero to Cubic 

hectare to 

Centimetres 

Inches to 


Cubic feet. 

■ 

Cubic metres. 

metres per 
hectare. 

Cubic feet 
per acre. 

to Inches, 

Centimetres. 

1 . 

35*3130 

0*028 

0*0700 

14*291 

0*3937 

2*540 

2. 

70*8312 

0*057 

0-1399 

28*582 

0-7874 

i 

5-080 

3. 

105*9409 

0*085 

0-2099 

42-874 

1-1811 

7-620 

4. 

141*2825 

j 0-113 

1 

0-2799 

57-165 

1*5748 

10-160 

5. 

176-5781 

i 0*142 | 

0-3499 

71*456 

1*9685 '■ 

12-700 

6. 

211-8937 

| 0*170 j 

0-4198 

85*747 

2*3622 j 

15-240 

7. 

247-2093 

0*198 

0*4898 

100-038 

2*7659 ! 

17-780 

8. 

282-5249 

0*227 

0*5598 

114*329 

j 

3-1496 | 

20-320 

9. 

317-8406 

0*255 

1 

0-6298 

128*621 

3-5433 

22*860 


3. Relation of Indian measures to English. 

1 Chi * tack * 2 ounc es. 

1 seer = 16 chit tacks = 2*05 lbs. 

1 maund *v 40 were » 82 lbs. 
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j 

« = 314169 . 
- = 0-31831 . 

7t 

TP* » 9*86959 . 


4. Mathematical Constants . 

. Base of Napierian logarithms, e*=2-7 1828. 

. Multiplier for conversion of common into Napierian logarithms 
= 2-30259. 

. Multiplier for conversion of Napierian into common logarithms 
- 0-43429. 


Solution of equation ax*-f-bx-{-c=0 : x= 


5. Algebraic Formulas . 

— ■ 4 ac. 


2a 


Sum of n terms of an arithmetic progression = [2a -f (n— *l)d] g 

r“-~l 

r— i 

n(n — 1) (n — 2). .{n — r-f 1) 

! III ~ 

In 


Sum of n terms of a geometric progression *= a -- 
Combinations of n things taken r at a time « 

Permutations of » things recurring p, q t r. .times = 'j— . , „ 

L? • ? I LT • • 


6. Geometrical Formula. 

Area of a triangle when s = half the sum of the sides — v/ 8 (s-a) (s-b) (s-c). 

7P d 2 2* 

Area of a circle — tc r a ~ . 

4 4 7T 

Curved surface of a cylinder — 2 n rh. 

Curved surface of a cono = 7c r \/r a +h* ** n r ( H" r )» where Aslant height. 
Curved surface of a sphere = 4 n r 2 
Volume of a cylinder = 7u r 2 h. 

„ „ cone = J 7t r*h. 

„ „ sphere = $ it r*. ✓ 


7. Spacing for given number of trees per acre (arranged in squares). 


Number. 

Distance. 

Number. 

Distance. 

ft. 

Number. 

Distance. 

ft. 

Number. 

Distance. 

ft. 

Number. 

Distance. 

ft. 

i 

209 

10 

66 

56 

28 

100 

21 

1000 

6-6 

2 

148 

16 

54 

60 

27 

200 

16 

1100 

6-3 

8 

121 

20 

47 

66 

26 

800 

12 

1200 

60 

4 

104 

25 

42 

70 

25 

400 

10 

1800 

5*8 

5 

98 

80 

88 

11 

24 

600 

9-8 

1400 

6-6 

e . . 

86 

86 

36 

80 

28 

600 

8*6 

1600 

6*4 

7 . . S 

79 

40 

3? 

86 

28 

700 

7-9 

1600 

6-2 

8 . . | 

74 

46 

81 

90 

22 

800 

7-4 

1800 

4-9 

9 . .1 

70 

60 

; 

29 

96 | 

21 

900 

7-0 

2000 

4-7 


Olios frooeflurej 2{>8 

appendix xir. 

Note on Office Pko< edure. 
(i) Forms. 


Tho following standardised forms should be used for the statistical work described in this 
volume. ♦ 


Subject Number. 

F. it. I. 
Number. 

j Title. 

Page. 

Sample Plot — 


! 


1 

21 

j Map 

147 

2 

22 

i Description . . . . .. . . . j 

151 

2 — contd. . 

23 

; Subsequent history 

153 

3 

24 

: Record of diameter reman romonts .... 

155 

4 

25 

Measurements of sample trees (Summary) . . , 

158 

5 

20 

j Volume calculation ....*• 

160 

fi 

27 

Volume measurements per acre . . . 

182 

7 

28 

Measurement of sample trees . . • 

18(4 

8 

6-4 

Record of diameter measurements (Field book) . . 

184 

9 . . . 

05 

List of Sample plots ...... 

•* 

10 

29 

Record of measurements of volume etc., of typical trees 

20 

11 

140 

Classification and grouping of diameters . , , 

211 


01 

; Record of sample plots . . . . . . j 

' Register of sample plots . . . . . . j 

140 

Volume Tables— 




139 

Tree Volume and Outturn j 

18 


76 

Commercial Volume and Outturn measurements of j 

20 

1 

1 


typical trees. 



138 

Basic averages 

22 

Stump Analysis— 




1 

133 

Radial measurements ...... 

58 

2 

134 

Seedling height . , . ; 

62 

3 . 

135 

Taper data ! 

61 

Stem Analysis — 


j 


1 

136 

Radial measurements 

79 

3 

137 

Computation ! 

86 

Experimental Plot— 


i 

i 


5 . , • 

145 

Plot Chart ; 

( 

140 

0 . . . 

as 

Record of measurements . . . . . 

- . i 

•• 
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[ Office Procedure 


Indents for 4 1 orest Research Institute special forms required should be sent in to the Central 
Silviculturist annually by December 15th, supplies being expected in the following July. 

A copy of Sample Plot Form 9 (List of plots) should be sufiplicd to every Divisional Forest 
Officer for the plots in his division, with such additional notes as may be considered advisable* 

(ii) Files. 

Complete files of all sample plots should be sent to the Central Silviculturist after laying out 
or remcasurement, for calculation and copying. If their return is desire d by any particular date, 
it should be noted. Computations are mostly done between July and December. 

Records of other statistical investigations should also be sent in when calculations are 
required with a note as to what is wanted. 

Plot files may be filed by species according to Howard’s system, but it may be found more 
convenient in connection with field work to file them by divisions in provincial offices. 
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[Index, 


INDEX. 


A. 


Page. 



Pag*. 

Agp curve for sample plots . 


127 

Coppioe, Thinnings in . 


228 

Age curve with back check . 


133 

Crop Increment of sample plots 


134 

Age determination in absence of rings 


135 

Cross mark 


9 

Age, ^termination of 


10 

Cross mark in sample plots . 


118 

Age to breast height in stem analysis 


74 

Crown measurements . 


74 

Alinement charts. 


240 

Curve construction 


5 

Analysis, Stem .... 


71 

Curves, Boat fit . 


6 

Analysis, Stump .... 


49, 53 

Curves, Volume . 


23 

Anamorphosis .... 


240 

Cylinders, Table of Volumes of 


249 

Annual rings, Sample plots in trees with- 

191 




out 





Area of sample plots, Computation of 


125 

D. 



Area of circles .... 


247 



Arithmetic average 


1 

Dev ation, Average 

. 

2 

Assortment tables 


29 

Deviation, Standard . 

. 

2 

Average radius in stem analysis . 


73 

Density with yield tables 

• 

241 

Averages 


1 

Diameter classes. Time to pass through . 

47,99 

Averages, Plotting of . 


5 

Diameter increment curve for 

sample 

131 

Averages, Precision of , 


4 

plots .... 


Averages, Table of basio 


21, 22 

Diameter, Measurement of . 


9 



Diameter, Ratio of, to girth . 


35 




Dispersion, Measures of 


2 

B. 



Dominance, Scale of . 


217 

Back Check method 


130 




Baur’s principle .... 


237 

E. 



Bole, Commercial timber 


11 

Enumerations 


13 

Bole, Standard timber . 


10 


Borer, Increment . 


97 

Enumeration, Check of 


42 

Breast height, Age to, in stem analysis 
Breast height. Determination of . 
Buttresed trees, Cross mark on 


74 

9 

9 

Enumeration parties . 
Enumeration, Rate of . 
Enumeration units 


41 

42 
40 

1 


Equatumi for curves . 


6 




Error, Average . . 


2 

c. 



Error, tandarJ 


3 

Callipered diameter, Ratio of girth to 


35 

P. 



Callipering, Rules for . 


41 



Callipers, Fixed .... 


11 

F x and F t> Tablos of . 

, , 

245 

Callipers, Kinds of 


112 

Factors, Conversion 

, , 

35 

Chart, Tree, of sample plot . 


123 

File, Sample plot, Example of 

. , 

145 

Chart, Plot, Preparation of . 


141 

Forked trees, Measurement of 

. , 

12 

Check, Back, method . 


130 

Form factor curve with back check 

133 

Check of volume curves 


24 

Form factor curves for sample plots 

128 

Circles, Area of . 


247 

Form quotient . 


11 

Circles, Sums of areas of 


249 

Form quotient, Data for 


14 

Clear-felled sample plots 


134 

Form quotient volume tables 


14 

Commercial measurements . . 


11 

Forms for Stem Analysis 


75 

Compound Interest, Table of 


107 

Forms for Stump Analysis . 


53 

Constants, Useful 


266 

Formulae . ' 


257 

Conversion factors • • 


35 

Frequency of occurrence of species 47, 123 

Coppice sample plots . 

. 

228 

Fuel conversion factoro to solid volume . 

37 



lute*,] 


Page. 


Page. 


Fuel conversion factors to weight- . 

38 

Fuel stacks ..... 

37 

fuel weight ..... 

38 

G. 

Girth, Ratio of callipered diameter to . 

35 

Graphic interpolation .... 

7 

Groti ping diameters, for sample plots 

128 

Grouping trees in sample plots. Rules for 

143 

Growth per cent 

99 

H. 

Harmonising curves .... 

£6 

Height analysis of sample trees • 

121 

Height curve for sample plots 

127 

Height curve with back check 

132 

Height increment curve for samplo plots 

132 

Height, Measurement of • , • 

10 

Hollow stumps. Analysis of . 

T 

63 

+• 

Illustrations, List of . 

Increment bormgs .... 

97 

Increment, Crop, of samplo plots . 

134 

increment, Normal .... 

Increment per cent .... 

47, 99 

Increment, tfinglo tree, plots 

43 

Instruments, etc., for Enumerations 

39 

Instruments, etc., for Increment Springs. 

97 

Instruments, etc., for Sample plot work 

111 

Instruments, etc., for Stem Analysis 

71 

Instruments, etc., for Stump Analysis . 

50 

Interest, Tables of compound 

107 

Interpolation, Graphic 

7 

L. 

Level, Abney’ - 

111 | 

linear enumeration and plots . . 

40 | 

Literature, References to 

243 

Local volume tables ... 7, 

14, 32 

Log rules ...... 

31 

M. 

Map, Situation, of sample plot 

122 

Mean, True 

2 

Measurement, Commercial . • , 

11 

Measurement- , Standard 

10 

Metric system, Couveiwon U> . . 

$i*0 

Mixed crops, Sample plot- Imputations 

for . . . 7 . * 

130 | 


Mortality table . . . * . 

Moving average .... 


Natural regeneration, Thinnings in . 230 

Normal growing stock . . . * 235 

Normal increment .... 
Nbimbnr of observations required . . 4 

Number of trees for increment ho rings . 101 

Number of trees for stump analysis . 57 

Number of trees for volume tables. . 15 

Numbering n sample plots . . . HO 

Numbering of - ample plots . . .117 

0 . 

Office procedure ...» 258 

Optical square . . . . . ill 

Optical square method of plotting trees 141 

Outturn Volume Tables . . .14, 27 

P. 

Per cent, Current annual growth . . 47, 99 

Plano table Ill 

Plantations, First thinnings in . 232 

Plantations, Spacing in ... 232 

Plot Chart for sample plots . . . 141 

Plots, Enumeration .... 39 

Plots, Single tree increment ... 43 

Precision of averages .... 4 

Pressler’s borer ..... 97 

Pressler’s law of growth . . . 100 


Proportional adjustment of measurements 50 

Q. 


Quality classes 230 

Quality class volume tables . . . 21 

Quality of locality, Assessment of 21, 50, 72, 230 
Quarter-girth measurements, Conversion 

of 30 

Quercm incaiM sample plo.s . . 137 


R. 


Radius, Use of average, in stump analysis 52 
References to literature . . . 243 

Regeneration, Increment during a, period 40, 101 
Rejection of observations ... 0 

Romeasuroment of sample plots, Pull . 124 

Remeasurement of sample plots, Interim 125 
Ring counts on stem sections . . 73 

Ring counts on stumps ... 52 

Rotation from increment borings . . 100 

Roumllng off measurements . . 120, 127 




Pagb. 

s. 


Sample plot (imputations . 

125, 130 

Sample plot file, Example of. 

. 1 45 

Sample plots, Age curve for . 

127, 133 

Samp Ip plots, Area comput ation of 

. 125 

Sample [-lots, Demarcation of 

. 110 

Sample plots, Diameter increment curve 

for ...... 

. 131 

Samplo plots, Field Records for 

122 

Sample plots, Form factor curves for 

128, 133 

Sample plots, Grouping trees in 124, 128, 143 

Samplo plots, Height curve for 

127, 132 

Samplo plots, Height in* mmvnt curve 

for 132 

Sample plots, Measuring standing crop in lit) 

Sample plots, Number of 

. 115 

Samplo plots. Numbering of . 

. 117 

Samplo plots. Numbering trees in . 

. 119 

Sample plots. Plot Chart for 

123, I4J 

Samplo plots. Records of 

. 139 

Sample plots, Remeasuremont of . 

. 124 

Sam [ilc plots, Selection of 

. 114 

Samplo plots, Shape of 

. 1 15 

Sam [ile plots, Size of . 

NO 

Sample plots, Species for which required 1 Hi 

Samplo plots. Staff for 

. 112 

Samplo plots. Thinning in 

. 117 

Sample trees, Calculations for 

120 

Sample tires For thinnings . 

121, 122 

Sample trees for undorstory . 

. 121 

Sample trees, Measurement of 

121, 124 

Samplo trees. Selection of 

120 

Sample trees. Standing. 

. 120 

Sampling 

3 

Sawn outturn .... 

1% 28, 30 

Scale, Choice of, for curves . 

5 

Selection of trees for volume measure- 

monts 

10 

Sines, Table of natural 

. 254 

Site classes .... 

. 236 

Significance, Limits of . 

3 

Slide Rule, Use of 

56 

Smallwood, Measurement of, on sample 

trees 

. 121 

Smoothing curves 

0 

Squares, Table of 

. 251 

Stacked volumes 

. 37,38 

Staff for Aample plot work . 

. 112 

Stand tables .... 

39 

Stand tables for even-aged crops . 

. 241 

Standard Error # . 

3 

Standard Deviation 

2 

Standard smallwood . 

10 

Standard timber .... 

10 

Standard volume tables 

. 13 


Stem Analysis .... 

L Mm. 

Pagb. 

71 

Stem Analysis, Advantages of 

. 

71 

Stem Analysis, Selection of trees for 


72 

Strip enumerations 


40 

Stump Analysis .... 


49 

Stump height, Age to . 


51 

Stump height in stump analysis . 


51 

Stump height. Measurement, of 


51 

Stumps, hollow, Analysis of . 


53 

StumjKS, Selection of, for analysis . 


50 

Subsidiary crop in yield tables 


230 

Surround ..... 


110 

T. 

'Pablos for conversion to and from mof.no 
system 

256 

Tables, Volume .... 


13 

Tangents, Table of natural . 


254 

Tape measurements, Conversion of, 
callipered diameter . 

to 

35 

Taper data for stump analysis 


51 

Tectona yrandix, 'Thinning in 


229 

Thinning, Frequency of 


222 

Thinning in mixed crops 


233 

Thinning in coppice 


228 

Thinnings in coppice. Results of . 


229 

Thinning, Kind and intensity of . 

231, 

222 

Thinning. Mechanical . 

232, 

233 

Thinning in pole tree crops . 


221 

Thinning in teak 


229 

Thinning of sample plots 


117 

Thinning of sample plots, First 


117 

Thinning of sample plots, Measurement 
of . 

122 

Thinning plots .... 

. 

221 

Thinning research 


221 

Thinning research methods . 


222 

Thinning research. Results of, abroad 


223 

Thinning scale .... 


217 

Top height .... 


237 

True classification 


217 

Triangulat ion method for samplo plots . 

141 

Types, Forest .... 

• 

237 

(J. 

Understory of sample plots . 

• 

117 

V. 

Volume of cylinders 

, 

249 

Volume curves .... 

. 

23 

Volume curves. Applicability of . 

. 

25 

Volume curves, Checks of . 

. 

24 


208 



Index.] 


264 


Volume, Measurement of 

Page. 

10 

Volume tables 

13 

Volume tables by quality classes . 

21 

Volume tables, Commercial, Compilation 

of 

15 

Volume tables, General, Compilation of . 

15 

Volume tables, Kinds of 

13 

Volume tables, Outturn, Compilation of 

27 

Volumo tables, Species for which required 

15 

W. 

Weighted average .... 

1 

Weight, ltolation of stacked volume to . 

38 


Pa OH. 

X. 

Xylometric determination of volume 37 


y. 


Yield table computations 

. 235 

Yield table curves 

. 238 

Yield tables, Application of . 

. 240 

Yield tables, Check of . 

230, 240 

Yield tables, Compilation of . 

. 235 

Yield tables, List of 

. 23 6 


MQI^O— M— 1£ -11— *8-241-500. 






